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ABSTRACT	
	

Muscular exertion rate of the bike riders is an indicator of their fatigue. Monitoring this phenomena and 
letting it know to the bikers or other concerned, bike designers will help in modifying the design of 
bike that causes low muscular exertion of the biker and hence low fatigue. To send such data to a 
remote monitoring state where they can be analyzed.  This can be done with the help of a network of 
short range wireless sensor nodes with suitable transmission technology.  
 
This thesis focused mainly on the comparative study of ZigBee, ANT and BLE(Bluetooth Low 
Energy). The Idea is to collect the muscular exertion data with relevant sensor, send it to the mobile 
and then using an appropriate short range wireless transmission technique send it to the concerned 
remote monitoring centre. The criterion to find the solution is based on transmission rate and power 
consumption by that technology.  
 
The comparative study show that the BLE is the most suitable technology contemporarily available on 
which we can build our solution for bike rider’s fatigue monitoring problem. This is verified by the 
results from experiments with BLE development kits from CSR, Texas Instruments and Nordic 
Semiconductors.  
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1	INTRODUCTION	
	

1.1	Motivation	
Nowadays wireless sensor network [1] has become an integrated part of our day to day life. They can 
be put very near to the phenomena, which is supposed to be sensed. They can send the sensed data in a 
wireless manner to the remote monitoring station. This give the advantage of mobility, which decreases 
cabling issues. Recent advancements have also made them self-organizing, which provides ease of 
deployment [2]. They are helping to monitor several phenomena at agriculture, military, healthcare, 
sport-fitness, home & factory automation etc [3]. 
 
Cycling is becoming more popular in modern world as a sport activity and life passion which embraces 
people from wide range age groups. So there are many developments to measure and give them 
information about their ride and body condition. One of the measured parameters is muscular exertion 
rate. Muscular exertion rate of the bike riders is a direct indicator of fatigue of the driver. The fatigue 
mostly depends upon the design and seating arrangement of the bike.  
 
This is very significant for the bike drivers and improve their health and training status by giving 
essential information about their physical activity. There has been research as “Human Motion, 
Categorization and Characterization” in Halmstad University how to measure and what kind of sensor 
can be applied for this phenomena [42,43]. Monitoring this phenomena and letting it know to the bikers 
or other concerned bike designers will help in modifying the design of bike that causes low muscular 
exertion of the biker and hence low fatigue.  
 
This	 thesis'	 focus	 is	 to	show	which	wireless	short	range	protocol	 is	applicable	and	better	 in	an	
energy	consumption	manner	for	possible	muscular	exertion	rate	application	of	bike	riders.		
	

1.2	Problem	Formulation		
Proper sensor can be fitted to several parts of the biker’s body to collect the fatigue data. This data can 
be collected in two ways: offline or online. In offline method the sensing data is stored and collected 
when the driver comes to halt. But this method doesn't give the real time data. In online method the 
sensing data can be collected in real time. Bike drivers need to know his body activity to react before 
he comes to halt thus he can intensify his perform. So online fatigue data collection is required for an 
application of muscular monitoring of exertion rate.  
 
Since the bike is moving a wireless transmitter is required which can also cope up with the mobility.  A 
wireless sensor network seems to be the best solution for this. Using a network of wireless sensors the 
sensing data can be sent to some remote monitoring center in multi-hop, or single-hop.  Multi-hop 
communication can be used to transmit collected data to the remote monitoring center which is far 
away from the bike driver. The other use case for multi-hop communication is Wireless Body Sensor 
Network where sensors collect data and send it to a base unit which is responsible for data transmission 
to the remote monitoring center [44]. 
 
It is not possible to send the sensing data in a single hop to the monitoring center as the center may be 
quite far away from the bike driver. Moreover the bike driver will be mobile and hence the distance 

8



9	

between him and the remote monitoring center will keep changing in the course of driving. Also the 
tiny sensor node placed inside the driver's suit will not be having sufficient battery power to transmit 
the sensing data in a single hop. Hence multi-hop is the necessity to send the data to the remote center 
for further analysis.  

 
 
 
 
 
 
 
 
 
 
 

Figure 1: Relative Energy overhead for single-hop vs. multi-hop topologies [45].	
 
Nowadays smartphones are very common to any person. Almost everyone is maintaining a smartphone 
with a variety of intelligent capabilities.  Solution is to use smart phone that enables to use single hop 
communication. Single-hop communication consumes lower energy than multi-hop communication in 
a small network as seen in figure 1. In this thesis single-hop communication is preferred to use a 
possible applications in monitoring muscular exertion rate. Multi-hop and single-hop communication 
have different superiority of against each other in different set-ups but in this thesis work it is not 
focused. [45,46]   
 
This thesis have proposed a setup where the sensors attached to the bike drivers body will send the 
sensing data to the smartphone carried by the bike driver. Once the sensing data is there in the memory 
of sensor, it can be sent to remote center as smart phone using one of the several short range wireless 
technologies available.  
 
There are a plethora of short range wireless technologies in the market that can be utilized for 
transmission and reception of information in a sensor network. Some of the significant examples are 
ZigBee, ANT, Bluetooth Low Energy (BLE). These three are different with respect to energy 
consumption and coverage area significantly. Main focus in this study will be on ANT and BLE.  
 
This thesis is a comparative study of ANT and BLE with respect to several benchmarking parameters 
and will find out a suitable solution as well as a set up to the presented problem. The prime factors for 
choosing a solution to the problem will be high transmission rate, low energy, low complexity and ease 
of availability among many.  
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1.3	Goal	Of	Thesis	
In this thesis the motive is to look for a convenient and easily reachable short range wireless 
transmission technology [8] which is also suitable for the target application i.e. bike rider muscular 
fatigue monitoring. The technology shall also be easily interfaced with widely available smart phones. 
The technology shall also support high speed data transfer as well as having good market in the future. 
Also it shall be consuming minimal power.  
 
The thesis will also let us know various aspects of contemporarily available short range wireless 
technologies such as underlying protocols, hardware complexity, software architecture, wireless 
communication technologies etc.  
 
This thesis work accomplished as a survey after the comparative study work by reading different 
experiments and academicals research papers where experimental kits used and results on them as a 
proof of concept. ANT+, BLE and ZigBee experimental kits are available at low price from several 
vendors such as Texas Instruments [47], Nordic Semiconductors [5], CSR [6] and Bluegig [7].  
 
As a difference from other studies has been done by others and filtered in this thesis, this survey study 
will help developers of possible applications in monitoring muscular exertion rate to do experiments 
with readily available experimental kits for the same.  
 

1.4	Methodology	
In order to fulfill this requirement, several research articles, books, case studies and documents from 
the Internet were studied. The basic source of articles was the IEEE and other journal research papers 
in which the authors have described several techniques deployed to fulfill our task. Several text and 
reference books were also studied in order to gain knowledge about the relevant technologies. To know 
about the ground realities of these technologies, the expert advices were taken from different teachers 
from academia as well as people from the industry. The final source of research was from the Internet, 
which has several documents from International universities describing and comparing different 
technologies. 
 
An important source of research was Internet through which I was able to browse numerous documents 
and experiments done by others in International universities. I came to know about several academic 
projects discussing and comparing different technologies. After going through all these phases of 
literature review, the next task was filtering out a few of them according to the requirements as 
mentioned in the sections above.  
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1.5	Thesis	Organization		
This thesis conducts a survey on short range wireless technology that can be used for possible 
applications in monitoring muscular exertion rate with low energy consumption manner.  
 

• Introduction in chapter 1 gives summarized information about a possible set-up and technology 
for the applications, methodology of thesis and purpose of thesis. 

 
• Second chapter gives summarized information about short range low energy wireless 

technology and explains suitable ones for possible applications in monitoring muscular exertion 
rate. 

 
• In chapter 3 it explains the basics of how these selected protocols work.  

 
• In chapter 4 these selected protocols are compared based on their efficiency for ease of 

deployment, efficiency in energy consumption., reliability and coexistence. 
 

• In chapter 5 related experiments done by others have been showed and considered for 
applications in monitoring muscular exertion rate.  

 
• In chapter 6 results from experiments and studied documents are discussed for future 

implications.  
	

• In chapter 7 this thesis concluded with a suggestion of an appropriate technology for application 
in monitoring muscular exertion rate.  
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2	LOW	ENERGY	WIRELESS	TECHNOLOGIES	
	
Low power wireless standard came into demand since the increase in the usage of smart devices and 
growth of technology in different fields such as home automation, health, sports and fitness, medical, 
wireless sensor power consumption, ability to run for years on standard, low cost, fast connection times 
and small size to mention a few [9]. 
 
This section will present a detailed and comparative study of contemporarily available short range 
wireless technologies available for applications in monitoring muscular exertion rate. It will be 
discussed about ZigBee, ANT+ and BLE but the main focus will be on ANT+ and BLE.  
 

2.1	ZigBee	[10]	
ZigBee (IEEE 802.15.4) is one of the most common standards used in wireless sensor networks. It is a 
short range wireless technology which also consumes low battery energy; hence it is actively used in 
wireless sensor nodes. It is low cost, small size, easily available and developed specifically for short 
range communication. Moreover the battery consumption is also very low and running costs are also 
low.  
 
Unfortunately the standard is not available to interface with the smart devices such as smart phone. 
Most of them require at least 1Mbps data rate, high bandwidth and low power consumption [8]. 
 

2.2	ANT+		[11]	
ANT+ is the nearest competitor of BLE in the fitness and health care market that uses wireless sensor. 
It is aimed to provide reliable, secure and low power consumption while transporting data between 
sensor and smart device.  Although it is limited to health care and fitness field applications, such as 
data on speed, heart rate, cadence and power collected by wireless sensor on bike and monitored by 
smart devices, it uses a unique protocol that minimizes power consumption to extend battery life and 
provides ease to the device to join and leave the network at any time [9]. Moreover it can be interfaced 
with the smart phones. 
 

2.3	Bluetooth	Low	Energy	[12]	
Bluetooth low energy is a wireless standard that was adopted from classical Bluetooth to make many 
innovative new use cases possible by one of the largest wireless interest groups, the Bluetooth SIG.  It 
is a comparatively new technology and is primarily designed for ultra-low batteries, which are 
specified in Bluetooth v4.0 for supporting devices to increase battery life [10]. 
 
Low power wireless standard came into demand since the increase in the usage of smart devices and 
growth of technology in different fields such as home automation, health, sports and fitness, medical, 
wireless sensor power consumption, ability to run for years on standard, low cost, fast connection 
times, small size besides the benefits from classical Bluetooth such as connectivity to mobile phones, 
robust, reliable, efficient, multi-vendor interoperability, global availability and free license. In addition 
to low power capacity, it brings a new sensor data collection scheme that can be simply integrated and 
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monitored in most handheld devices. The announcement by technology leaders, in smart platform area 
supporting this technology with upcoming products, shows its wide range usage in near future. 
 
BLE uses adaptive frequency hopping technology that allows the device to hop in a wide frequency 
band. FHSS is a known method of transmitting radio signals rapidly and uses a pseudorandom 
sequence known to both transmitter and receiver that reduces interference and provides reliability. BLE 
is a wireless technology that gives data privacy and solves integrity issues because of transmitting data 
over the air that is open public environment to disable interception and stealing data by unknown 
person [11]. 
 
Bluetooth v4.0 provides an effective communication between devices that doesn’t need upstream data 
throughput diversely when compared with Bluetooth v2.0 and v3.0 that introduced higher data 
functionality. Low power requirements in BLE had to change protocol stack as compared to classical 
Bluetooth protocol functionality while using the RF part. Therefore BLE is implemented for two types 
of device that are called single mode and dual mode devices according to the fields in which they are to 
be used [11]. 
 
A single mode device supports only Bluetooth low energy that is aimed to consume lower power than 
previous devices that used classical Bluetooth. Single mode device has a simpler stack than dual mode 
device to support sensor-like devices. On the other hand, a dual mode device supports Bluetooth low 
energy so that the single mode devices along with the classical Bluetooth are compatible with previous 
devices that use Bluetooth v1.0 to v3.0 while taking into consideration the 2 billion classical Bluetooth 
existing users. Therefore dual mode stack is more versatile and complex than the single mode stack 
naturally for more complex multifunction devices such as smart phones [11].  
 

   
Figure 2: End-to-End Overview of Data Transfer in Dual Mode Stack [11].	
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After breaking into the market of Bluetooth v4.0, previous versioned devices will be extinct because 
usage of dual mode devices will increase. By realizing this fact, major chip providers such as CSR, TI 
and Nordic Semiconductor announced to support Bluetooth low energy for the next generation 
products. 
 
 
A comparative table below speaks more than what we have said in words so far. 
 

Type	 Work	Distance	 Data	Rate	 Standard	 Applications	 Cost	

Infrared	 <1m	 110-480	Mbps	 IrDA	 Remote	
Controls	

Ultra	Low	

ZigBee	 <10m	 20-250	Kpbs	 IEEE	802.15.4	 Home,	
Industry,	
Monitoring	 and	
Control	

Ultra	Low	

Classic	
Bluetooth	

<10m	 1-3	Mbps	 IEEE	802.15.1	 Wireless	
Headsets,	
Audio	Apps	

Low	

Ant+	 <10m	 1	Mbps	 Ant	 Health,	Sports	 Low	

Bluetooth	 Low	
Energy	

<10	 1	Mbps	 IEEE	802.15.1	 Sports,	 Health,	
Electronic	Apps	

Low	

 
Table 1: Short Range Wireless Technologies [8]. 
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3	SEARCHING	FOR	THE	SOLUTION		
	

In the previous section we took a brief overview about the contemporarily available short range low 
power wireless technologies. In this section we will look in more detail about the two technologies, 
which are very close to our requirements for low power & wireless bike rider fatigue monitoring 
system, i.e. ANT+ and BLE. We will discuss their architecture, communication protocol, network 
architecture, topology, channel configuration and message format. We will do an exhaustive 
comparison between these two technologies and will see which one is better suited to our requirements.  
	

3.1	ANT+	

3.1.1	Architecture	of	ANT+	
ANT is a Wireless Sensor protocol for short range wireless communication with promising low power 
networking applications such as simple point-to-point networks and complex mesh networks. It is 
mostly available and used for data transportation of sensors within sports, wellness management and 
health monitoring such as bicycle computers, wrist watches and heart rate monitors. 
 
ANT is built on its own OSI Layer Model where Physical Layer, Data Link Layer, Network / Transport 
and Low Level Security are implemented by ANT since High Level Security and Application / 
Presentation Layers are left to the User to be defined and enhanced according to user’s own desire as 
shown in Figure 2 [12].  
 

 
Figure 3: OSI Layer Model of ANT 
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Simplicity of ANT transceiver provides less design effort for developers to implement a Wireless 
Sensor Network since transceiver plays its role as a black box. ANT+ is developed on ANT protocol to 
make the devices interoperable in managed network. ANT+ provides branded devices to work in a 
seamless manner since brand specific profile is bounded to specific use case. For example, a heart rate 
monitor sends information about the user’s heart rate that is defined in heart rate profile of ANT+ [13]. 
The ANT protocol provides enough flexibility for user control by allowing implementation of user 
defined high-level security applications. On the other hand, it also reduces the burden on the 
application host controller by encapsulating complex wireless protocol within ANT chipset.  
 

3.1.2	Network	
The ANT protocol supports from simple 2-node unidirectional connection between transmitter and 
receiver to complex multi-transceiver system with full point-to-multipoint network topologies as shown 
in Figure 3 [12].  
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Figure 4: Example ANT Networks [12]

17



18	

The ANT protocol supports a maximum of 232 nodes in a network topology. Moreover it 
provides more flexibility since nodes can join and leave the network because nodes are 
treated as identical and have capability to play as a slave or master whenever it is needed. For 
example, it can act as transmitter, receiver or transceiver to manage and route the network. 
On the other hand, a node in a network can adjust transmission time by determining best time 
according to its neighbor nodes thus coordination is provided automatically in a network 
[14]. 

 
ANT node is made up with an ANT protocol engine and a host controller specifically called 
MCU. As it is mentioned before the ANT engine encapsulates the complex wireless protocol 
and in the meantime it also establishes and maintains connection within its firmware. In this 
manner, the host controller, connected to ANT engine via serial interface as seen figure 4, is 
tasked to establish a connection with other nodes [12]. 

 

 
                      Figure 5: Contents of an ANT node [12]
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3.1.3	Channel	Configuration	
ANT channel is the essential and fundamental building block of the ANT protocol which must 
be established to connect two nodes together such as simply one master node and one slave node 
on the network topology as shown in figure 5. 
 

 
Figure 6: Channel Communication between ANT nodes [12] 

 
ANT consists of three data types: broadcasting, acknowledged and burst message transfer, which 
determines the communication type between ANT nodes. ANT determines the type of data, 
which was sent by Host application for transmission in channel.  Messaging and data types will 
be discussed in later section.  
 
Communication can simply be described in two ways between nodes: Forward Direction (Master 
to Slave) and Reverse Direction (Slave to Master).  Forward Direction is designed to transmit 
data over channel whenever channel is opened.  However transmission in reverse direction is 
optional where slave sends data back to master node. 
 

	
	

19



20	

3.1.4	Channel	Type,	ID	and	Period	
Channel type defines the communication type which will be established between nodes on the 
channel. Channel type is specified by 8-bit priority to open and establish a channel. 
 
For example, bidirectional channel enables data to flow in both forward and reverse direction 
with the specified priority value 0x00 for bidirectional slave channel and 0x10 for bidirectional 
master channel type. In the case of bidirectional slave channel type, node will mainly receive 
data however it can still send data in reverse direction. In a similar manner, bidirectional master 
channel type primarily transmits data in forward direction but it can also send data in reverse 
direction. 
 
Channels are defined in two groups as independent channels and shared channels. Independent 
channel consist of one master node and one slave node. For example, a basic concept of ANT 
network, as shown in figure 6, shows that each channel must have one slave and one master 
however any of these nodes, which are connected by channel, can be master or slave since other 
one is slave or master. Independent channels can also be applied to a broadcast network as 
shown in figure 3. To prevent collision in the case of sending data from several slaves to one 
master, in broadcast network, data is sent in forward direction only [15].  
 

 
Figure 7: Concept of ANT channels [15] 
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Shared channels are used in complex network topologies because ANT can accept data from 
many nodes in a network in contrast to the independent channels which offer a simple 
implementation because channel is limited with one master corresponding to one slave. In shared 
channel network, a master node can communicate with other slave nodes by using shared 
address. For example, if [01][00] shared address field that is assigned by master data is sent 
through node 1 only. Similarly shared address field [04][00] points out node 4 as shown in figure 
7. More over [00][00] means master sends data to all slave nodes since it is not specified to any 
particular slave node [12]. 

 

 
Figure 8: Shared Channel examples [12] 

 
One of the critical factors in ANT protocol is that the devices (nodes) need to know each other to 
have robust communication. Channel ID allows slave devices to search for master device in 
order to accomplish device pairing. Channel ID is defined by master node with 4-byte value that 
consists of following parameters: Transmission Type, Device Type and Device number. 
Transmission type represents characteristics of a specific master device. Device type is 
represented by a number to indicate type of master device. Device number specifies a master 
device with a unique number. 
       
Channel IDs must be same for devices to communicate with each other and channel ID is defined 
in master device that represents transmission type, device type and device number. In slave 
device side, these parameters can be set to a specific master device or to zero, wildcard, which 
allows searching any available master device to be paired [15].  
 
Channel period is defined by message rate of data streams by master node. Channel message rate 
can change between 0.5Hz and 200Hz according to the application over which it has been 
implemented. It is crucial that master and slave node have equal channel period to avoid 
occurring missed message. For example, if a broadcasting data packet is sent by master node and 
received by slave node on every time slot at 4Hz default message rate, channel period is 
calculated by dividing 16-bit field to message rate 32768/4=8192. ANT suggests using default 
message rate parameter to have more effective performance in terms of discovering networks 
with less power and latency. Message rate directly affects the energy consumption since a small 
channel period provides high data rate and fast device search operation resulting with connection 
[15]. 
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3.1.5	Establishing	Channels	
An essential requirement to establish a channel between master and slave node is that they must 
have almost same configuration. A sample process to establish a proper connection between 
master and slave node can be seen in figure 8. Channel parameters with solid lines must be 
configured by application, while other parameters with dashed lines have default values and can 
be set with values if it is desired.  
 

  
Figure 9 : Process to establish channel between master and slave node 

	

Channel establishing process starts with setting network key however ANT assigns a default 
value as a Public Network Key by assigning 0 value. But this value can be changed in the case of 
private or managed network. After this, the Channel type must be assigned according to desired 
channel type to open [12]. If transmit channel is opened in master node, the corresponding 
receive channel must be opened in slave node. Setting channel in master node is the following 
step in the process, slave channel can be set with master node’s configuration or to wildcard, as 
mentioned before, to be able to search possible master node. Following all steps till opening 
channel, RF Frequency, Channel Period and Tx Power are optional to set because it depends on 
the desired application. 
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3.1.6	Message	Type	and	Format	
ANT consists of three data types: broadcast, acknowledged and burst message transfer, which 
determines the communication type between ANT nodes.  Each data types can be sent over from 
almost all channel types, within either forward or reverse direction although unidirectional 
channel supports only broadcast data to send through in forward direction.  
 

 
Figure 10: ANT+ Data Types [12] 

 
Broadcast is a most basic and default data type of system, which provides one-directional 
communication from one node to another. By default master sends broadcast data to slave at 
each channel period. In case of request from slave, broadcast data can be sent to master in 
reverse direction.  Broadcast data type is not a reliable data type since it doesn’t provide any 
acknowledgment message to master whether data has been lost or received by slave. But it 
consumes lower energy as compared to other two data types therefore it is preferred data type in 
communication between master and slave for data lost scenarios. For instance occasional data 
lost can occur in temperature logging systems since changes in temperature is quick as compared 
to data rate thus this data lost is be tolerated.  
 
 Acknowledged data is sent by transmitter as a confirmation of receiving data and receiver upon 
receiving the acknowledged message sends an acknowledgment back to transmitter which 
ensures that packet has been received by the receiver. The data can be sent in two directions, 
forward or reverse direction. Acknowledged data packets consume more energy in contrast with 
broadcasting data because it uses more RF bandwidth, this must be considered during design of 
low energy applications. Acknowledged data provides a data control since it notifies to 
transmitter about packet’s situation.  
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Burst data is another message type consists of a series of acknowledged data for multiple 
transmissions. It is also reliable messaging type since transmitter is informed that sent data is 
successfully arrived or not to receiver.  More over if data packets are lost during transmission 
data packets are sent again.  
 

3.1.7	Device	Pairing	
Device pairing in ANT means relationship between master and slave nodes to connect with each 
other. This connection can be maintained permanently if Master ID stores in non-volatile 
memory. In this manner Master ID is used to open a channel to connect to master device 
automatically. On the other hand connection can be maintained until channel is closed so it is 
called as semi-permanent pairing. Another type of device pairing type is transitory which keeps 
connection in case of data transmission is needed again. 
 
Master device starts broadcasting messages whenever channel is opened by master device and it 
consists of a unique channel ID that makes slaves able to search and match channel ID whenever 
channel is opened by slave device. If a slave device doesn’t store channel ID it uses wild card to 
match channel ID for available master device as is mentioned before. For example in case slave 
device knows device type but it doesn’t know actual device number or transmission type, slave 
device set a wild card to unknown fields therefore it searches available master devices. After it 
has found the master device it stores its ID and it uses stored ID for future communications with 
that master device. Another example to understand how pairing works, is shown in figure 10 
[12].  
 

 
Figure 11 : Example ANT+ network for Device Pairing [15] 
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Base unit is considered as a management and organizing unit to collect data and establish a 
connection with each temperature sensor. In this example whenever user initiates pairing by 
pushing a search button on ‘Temp sensor 1’, pairing mode is awaken by host controller sending 
message to ANT engine.  
 
 
 
       Basically it performs 4 steps as below: 
1. Configuring Channel 
2. Setting Channel ID (Device type=Temperature Sensor) 
3. Opening Tx Channel 
4. Begin data transmission  
 
       On the other side, Base unit behaves as slave and searches appropriate device ID in which in 
this example is a temperature sensor. Basically it performs 4 steps as below: 
1. Configuring Channel 
2. Setting Channel ID (Transmission type, Device type= Temperature Sensor, Device No) 
3. Opening Rx Channel 
4. Begin searching 
After finding temperature sensor by base unit, it establishes channel 1 and connection is kept on 
and this same procedure is applied to other sensors as well.  
 

3.2	Bluetooth	Low	Energy	
In this section I will focus on the functionality of BLE in general. The details of BLE can be 
found extensively in the documents of Bluetooth Core Specification. Here only the essential 
information are discussed, which is required for the project. 
  
On 30th of June in 2010, Bluetooth SIG released final core version 4.0 of its Core specification 
which started to appear in devices in late 2011. As a new specification Bluetooth low energy was 
introduced this target the products running on batteries and coin-cells that last years instead of 
hours. Beside of BLE, it maximized flexibility and availability by combining classic Bluetooth 
and Bluetooth High Speed technology with dual mode devices. BLE is giving tough competition 
to Ant and ZigBee and have already signed as a brand in short range wireless market. 
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3.2.1	Network	
Bluetooth Low Energy supports basically two different network topologies: point-to-point and 
star topology. For example single mode star topology consists of one master node in center and 
connects slave nodes around it shown in figure 11 [16].  
 

 
Figure 12: Example of BLE Network Topology 

	

Master node establishes point-to-point connection with slave nodes to maintain multiple 
connections, as slave nodes are not able to connect directly to each other. By using master node 
in dual mode devices such as smart phone can be connected in star bus topology implementation 
[17].  
 
As shown in figure 11 master node is dual mode device and enables different devices connecting 
at the same time by implementing star bus topology. In this example dual mode devices take a 
role of a hub and single mode devices take role of nodes. Star topologies are connected to each 
other by bus topology, which enables hubs to connect to each other by sharing common 
transmission link.  
 
For example two bike riders have sensors on their body and those sensors sends data to mobile 
phones, so smart phone can be considered as dual mode devices to collect data from sensors; 
sensors attached to bike rider’s bodies can be considered as nodes.  More over two bike riders 
can check each other’s status by transferring data through mobile phones, which are connected 
through bus topology [17].  
 

3.2.2	Architecture	of	Bluetooth	Low	Energy	
Bluetooth Low Energy basically consists of 2 layers: Host and Controller Layers. As shown in 
figure 12, Controller layers mainly comprise of Physical Layer (PHY) and Link Layer (LL).  
Host controller interface (HCI) provides and standardize communication between Host and 
Controller. Host includes upper layer functionality, i.e., Logical Link Control and Adaptation 
Protocol (L2CAP), Attribute Protocol (ATT), Generic Attribute Profile (GATT), Security 
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Manager Protocol (SMP) and Generic Access Profile (GAP). At the top non-core user specific 
applications profiles, which are not defined in BLE specification, can be defined [11]. 
 

 
Figure 13: Bluetooth Low Energy Architecture [11]. 

 

3.2.3	Physical	Layer	
BLE operates in the 2.4 GHz Industrial Scientific Medical (ISM) band and uses 40 Radio 
channels, which are partitioned with 2 MHz channel spacing. BLE RF channels compromises of 
advertising channels and data channels. 3 of 40 channels are advertising channels and used for 
device recovery, connection establishment, and broadcast transmission. Remaining 37 channels 
are data channels and used for bidirectional data communication between connected devices. 
Advertising channels are allocated in different parts of spectrum to minimize interference from 
IEEE 802.11 channels [11, 17]. 
 
Adaptive frequency hopping mechanism selects one of the 37 available data channels to establish 
a communication. Channels use Gaussian Frequency Shift Keying (GFSK) to reduce interference 
and wireless propagation issues such as fading and multipath. BLE uses GFSK modulation index 
between 0.45 and 0.55. This range limits the spectral occupancy of a signal. Data rate is 1 Mbps 
for physical layer. 
 

3.2.4	Link	Layer	
It is important to determine roles of devices in WSN by operation states in link layer of devices 
that enables the sensor to be more reachable and energy saving. Operation of link layer can be 
characterized with main 5 states in terms of a state machine: Standby State, Advertising State, 
Scanning State, Initiating State and Connection state as shown in figure 13 [11, 17]. 
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Figure 14: State Diagram of Link Layer Machine [6] 

 
Only one of these operations can be active at a time according to state machine working 
mechanism. Link layer state machine must support at least one of Advertising State or Scanning 
State that enables slave and master role devices to see each other for probable connection. 
Shifting to other states is handled by commands from link manager or internal signals in the link 
controller. Bluetooth low energy aims to consume low power by operating low power mode until 
waking up by smart listening device and responding to packets on device request. 
 
In the advertising state, device can send packets and are able to listen or respond to the packets. 
In scanning state BLE device scans all devices to find the active one. This mode is different from 
initiating state because in initiating state BLE device listens to packets from specific device or 
devices and responds to initiation request for establishing a connection with another device.  
 

  
Table 2: Link Layer State Machine State Combinations [6] 
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In standby device doesn’t transmit any data in link layer. It is default state in device and device is 
in a low-power mode. Multiple states in Link Layer can be applied to Connection state during 
operations performed by BLE device except following limitations shown Table 2.”The link 
Layer in master mode may have multiple connections and on the other hand slave mode has only 
one. LL doesn’t operate with master and slave modes at the same time [6] ”. 
 

3.2.5	Logical	Link	Control	and	Adaptation	Protocol	(L2CAP)	
L2CAP is inherited from classical Bluetooth but it is simplified and optimized according to 
Bluetooth Low Energy to encapsulate data of three upper layer protocols.  L2CAP manages data 
traffic and ensures QoS access to the physical channel. Segmentation and reassembly operation 
are not needed since higher layer protocols provide a fix data unit to L2CAP that is 23 bytes 
equals to maximum L2CAP payload size [18]. 
 

3.2.6	Attribute	Protocol	(ATT)	
Attribute protocol defines how devices connect with each other and their roles as server or client 
by revealing one device’s attribute to other device. Thus Attribute Protocol establishes a 
communication between client and server and enables to exchange the information of device’s 
role over a dedicated L2CAP channel. An attribute is defined as a data structure that is managed 
by GATT. BLE uses attribute protocol instead of sending data directly. However, advertisement 
packets can carry a small amount of data to broadcast to all neighbor nodes [18]. 
 

 
Figure 15  Attribute Protocol 

	

Attribute Protocol is a very simple protocol by client to access the server’s attributes by sending 
and receiving 6 types of messages: Request, Response, Command, Indication, Confirmation and 
Notification. But basically request and response messages are used often. For example a client 
sends a request to reach the server’s attribute then server sends back a response message as 
shown in figure 14. To increase efficiency server can send another type of messages, which are 
unsolicited notifications, which are unconfirmed and indicted, and waits for a confirmation 
message from client. 
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3.2.7	Generic	Attribute	Profile	(GATT)	
Generic Attribute Profile (GATT) works under client-server architecture, which is similar to 
ATT. But its contents are different.  GATT data encapsulates services and characteristics, which 
defined by Bluetooth development organization SIG. ATT uses GATT framework to discovery 
services and exchange characteristics from one device to another. In other terms it is called 
attribute. For example a server runs a temperature sensor service for which an attribute describes 
the sensor and another attribute stores measurement values.  
 

3.2.8	Security	Manager	Protocol	(SMP)	
BLE uses 128 bit AES-CCM to encrypt its packet in link layer before transmission. Encryption 
takes a role in the controller layer but key is generated in the host layer, which enables developer 
to use different algorithms to produce the key without changing the hardware [18].  
 
BLE provides a privacy feature that enables devices to hide their real address and use random 
Bluetooth addresses. Random Bluetooth addresses changes after a Pre-determined time period.  

 

3.2.9	Generic	Access	Profile	(GAP)	
Generic Access profile stays at the highest level of the core BLE stack. Required functions and 
features for each layer in Bluetooth architecture are specified by Bluetooth profile. GAP is a base 
profile, which describes device’s role, modes, behaviors and methods of device discovery, 
connection establishment, security and authentication.  

        
GAP defines four device roles: Broadcaster, Observer, Peripheral and Central. A Broadcaster 
role only enables broadcasting of data via advertisement channels to other devices but 
broadcaster device cannot connect to other devices. Observer provides a complement to 
broadcaster role therefore it receives data transmitted by the Broadcaster.  Central role enables 
the device to initiate and manage multiple connections, whereas peripheral role enables simple 
devices to establish a single connection with a device in the central role. In other words, central 
role and peripheral role means master and slave nodes respectively in Bluetooth low energy 
network. A device can support all roles but at a time only one role can be taken by device [18].  
 
Certain types of applications use existing profiles and benefits from reusing common 
functionality. However developer can desire to have more functionality and services so BLE 
allows developers to build their own profiles, which includes all the requirements of an existing 
profile on the top of the GAP. Highest-level profile is called as an application profile, which is 
specified by Bluetooth SIG to provide interoperability between different manufacturers.  
 
 
 
 
 
 
 

30



31	

4	COMPARISON	OF	BLUETOOTH	LOW	ENERGY	AND	ANT+	
	

In this section extensive comparison of BLE and ANT+ is performed over several parameters, 
which will be required to support our application i.e. muscular exertion monitoring of bike 
riders. BLE and ANT+ will be compared with respect to several parameters such as Power 
Efficiency, Robustness, Latency, Coexistence with other technologies working in the same ISM 
band and most importantly battery life. Mathematical expressions for predicting the energy 
consumption in BLE and Ant+ user several modes of operation are formulated. 
 

4.1	Frequency	Jamming		
ANT+ protocol is susceptible to interference on its respective assigned channels. So it can be 
jammed by interfering with the channels.  
 
As far as BLE is concerned, jamming is difficult for the particular network. The advertised 
channels of the network can be jammed with a strong carrier. However, with experiments it has 
been concluded that the jamming would only be effective if the signal generator and the 
respective node maintain a distance no more than few centimeters between each other. For BLE, 
3 channels are spreads by adverts requiring 3 signals to be used of having high power.  When 37 
frequencies are hopped by the data channels, it becomes much more difficult to alter data during 
data connection. 
	

4.2	Implementation	
Implementing a wireless sensor network solution to meet specific features can be differing in the 
meaning of complexity and cost according to its requirements. But Bluetooth low energy and 
ANT+ can be compared on the bases of software that would be required to implement a simple 
program instead of comparing complex program and hardware requirements. Thus it makes 
possible to measure and estimate how much effort is needed to implement a simple application.  
Bluetooth Low Energy offers two equally important alternatives to implement application: single 
mode and dual mode as it is mentioned in above section. Single-mode configuration consists of 
host processor and radio. Single mode chips has integrated protocol stack and contains basic 
Application Programming Interface (API) that helps developer to use and build their applications 
on it.  Therefore it enables developers to spend little effort to develop an application since single 
mode pre-certified units are shipped from semiconductor vendors, such as CSR (e.g. Figure 15), 
Nordic Semiconductor, and Texas Instrument [13].  
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Figure 16: A Real Bluetooth Low Energy Implementation by CSR [13] 

 
On the other hand dual mode Bluetooth chipset enables mobile applications to be as they were 
used to be before. For example a smart phone has dual mode chip that enables the use of 
consumer electronics such as headset and sensing applications when it is needed [13]. 
ANT+ offers a single chip solution that enables regular ANT devices to save power. But this 
solution is only available for sensors. For example SensRcore is a rapid development platform as 
an extension of the ANT protocol. It enables the user to set up a simple sensor device with 
analog or digital input. ANT+ development kits can be found on market with required modules 
and software. Protocol stack of ANT is treated as a black box thus developers can easily develop 
a new application on it.  ANT+ certification is compulsory for developers to develop a product 
on ANT+, which is charged according to developed product. [12,13] 
 

4.3	Protocol	Efficiency	
Efficiency of a protocol is stated to be the ratio between its payload to the total length of the 
packet. A protocol is considered to be inefficient if it spends most of its time to transfer 
information which is non-payload. Battery will be discharged earlier with the transfer of little 
data. On the other hand a protocol having close to 100% efficiency will be able to transfer more 
data with a fully charged battery. But there is a trade-off between reliability and efficiency which 
is to be kept in mind.  
 
For ANT packet payload is of 8 bytes which is wrapped by some other overhead components 
[36]. Due to the protocol’s proprietary nature, without any evidence the efficiency of the protocol 
is stated to be 47% [30].  
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BLE being an open standard has the packet description published, which is shown in [30], on the 
bases of which BLE protocol’s efficiency can be calculated as: 
 

Payload/Total length = 31/47 = 0.66 i.e. 66% efficient  
 
For the wireless data transfer it is really important fact that which protocol is efficient enough to 
be used which allows the maximum data transfers per single charge of battery.  
 

4.4	Power	Efficiency	
Power efficiency is most important factor for customer to select available short range wireless 
technology because customer desires that his device works for long time. Thus prolonging the 
battery life of device is one of the main focused features for short range wireless technology. 
Energy efficiency between ANT+ and BLE can be compared by measuring energy consumed per 
bit.  
 
Power consumption rate is the issue to save the battery that enables sensor as long as installed. It 
is not easy to compare which protocol standard is the best since it depends on vendor parameters 
and design aim that can be software or hardware related. Software related parameters such as 
Scan Interval, Advertising Window and number of other advertising channels used, etc. can be 
adopted which suits the application. Hardware related parameters are hardware components used 
inside and outside of the chip.  
 
Beyond protocol standards, it is not easy to measure power consumption of BLE device because 
it can change according to another metric. For example, if metric is based on peak current that 
could be measured on a device running the BLE stack while it is in transmission state.  As it is 
shown in the figure 15, peak current has reached in a small percentage of total time of device 
connection. 
 

 
Figure 17: Current Consumption versus Time during a BLE Connection [19]	
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At the other hand BLE device can work on several other sub-states in addition to transmission 
state for example, receiving, sleeping, waking-up from sleep etc. Besides of current consumption 
in connection state there are more states in link layer in addition to transmitting, such as 
scanning, advertising and standby; these states also have different current consumption. A BLE 
device will most likely go through several other states, such as scanning, advertising, standby 
and initiating. So it doesn’t give enough information to determine total power consumption since 
BLE device changes its state to another regularly. Because of these difficulties, to be able to 
compute acceptable power consumption measurement in BLE device, all these state changes 
must be taken into account and total current consumed must be calculated [19].  
 
To demonstrate challenges mentioned above, an example is given below how to show average 
power consumption for battery life estimation by one of BLE chip vendors. As it is mentioned 
below BLE device can operate in different states, as shown figure 16, in link layer and also sub-
states in each sub-states. In this example device is in advertising state and current consumption in 
transmitting state (I_Tx) changes into receiving state (I_Rx).  
 
Formula is provided by one of chip vendors can be used to calculate average current 
consumption in advertising state as shown below: 
 
 
T= Advertising interval, (i.e. 0.5s) 
D=Advertising data, (i.e. 20 bytes) 
DC/DC converter enabled 
Iav = ((C_adv_DC + (D * C_adv_byte )) / T) + I_idle 
Iav =(15µC + (20 * 0.4µC)) / 0.5s)µA + 2µA = 46µA + 2µA = 48µA 
Where C_adv_DC and C_adv_byte are the HW related parameters 
 

 
Figure 18s: Average Current Consumption of BLE Chip during Advertising [20] 
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Apart from transmitting or receiving state, device can be under idle mode (sub-state) in 
advertising state. BLE defines different low power modes such as Deep Sleep, Hibernate and 
Dominant in addition to similar modes in traditional Bluetooth modes such as sniff sub-rating, 
hold and park modes [21].  
Another metrics is Peak power consumption. It is a critical issue to design long life low power 
sensor devices since battery technology that we have now is not able to source high current 
instantly. For instance, CR2032 coin cell is used for long life sensor gadgets but it is able to 
source maximum of 15mA peaks without damage. If the peak goes above 15mA then battery life 
will be decreased.  Using 30mA peak current instead of 15mA causes around 10% reduction on 
actual battery capacity.  But 2mA is accepted as a maximum acceptable continuous standard load 
to achieve published battery capacity [22]. 
 
Bluetooth Low Energy is designed to transfer data at a very low cost per bit. For example a 
particular set up a Bluetooth low energy device is in advertising mode then energy per bit can be 
simply calculated by advertising packets. The node broadcasts advertises packets every 500ms 
and it has 20 bytes payload. It consumes around 48µA at 3V. BLE energy uses 3 channels for 
advertising then it can be thought that packets are sent over to all 3 channels to increase 
robustness. In this manner power per bit is calculated as below: 
• Power consumption = 48 µA x 3V= 0.147mW 
• Bytes per second =20 x (1 second/500ms) x 3 channels= 120 Bytes/second 
• Bits per second = 120 Bytes/second x 8=960 bits/second 
• Energy per bit = 0.147 mW/960 bits/second = 0.153 µJ/bit 
 
This calculation is simply done for advertising mode but energy per bit can be calculated for 
other type of modes too. For more information this article, which based on an examination, will 
be helpful [17,23]. If the payload is increased to 31bytes per packet and configuration is set to 
broadcast, power efficiency per bit can be improved further [35]. 
 
Power Estimator can also calculate energy per bit for an ANT device [21]. For example a device 
can be configured to transmit 32 Bytes/second. It consumes around 61µA at 3V.  
• Power consumption = 3v x 61uA = 0.183mW  
• Bits per second = 32 x 8 = 256 bits/second  
• Energy per bit = 0.183 mW/256 bits/second = 0.71 µJ/bit 
 
4.5	Robustness	
Reliable packet transmission impacts directly to battery life. In general, a packet transmission 
cannot be succeeded or data packet cannot be delivered as intended, because of suboptimal 
transmission environment such as interference, occurred by nearby radio’s frequency jamming. 
In this case, an expected behavior of transmitter is to keep trying to deliver packet successfully to 
destination node. On the other providing more reliability for packet transmission in wireless 
sensor communication network is detrimental to the battery life. If a wireless system is limited to 
a single channel, its reliability is not affected in closed environments [24]. 
 
Bluetooth low energy uses frequency hopping to overcome interference. Each advertising packet 
is sent via three channels with different frequency, which increases reliability to initiate a stable 
connection. Another benefit of Adaptive Frequency Hopping used by Bluetooth Low Energy 
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device is to avoid usage of congested areas of spectrum, which was detected by node in previous 
transactions [24].  
 
Sensor node in ANT network uses generally single channel instead of using multiple channels, 
which is all available 8 channels provided by ANT, in contrast Bluetooth Low Energy uses all 
three channels for advertising. ANT uses Time Division Multiplexing System to increase 
reliability in data transfer, which enables transfer of several data streams simultaneously. As it is 
mentioned in previous sections ANT network uses burst data as technique to use available 
spectrum and block nearby devices. ANT+ recognizes this and avoids data collision to send data 
over a conducted channel [26]. 
	

4.6	Latency	 	
Latency is defined by wireless sensor network as sending and receiving data with a minimal 
delay. Delay can be minimized by keeping connection continuously between nodes that requires 
considerable power consumption but it is not desired in this thesis work because in this thesis 
work, one of the main criteria to choose convenient short range wireless technology in terms of 
monitoring muscular exertion rate for bike riders is that it requires low power consumption of 
coin cell battery for nodes [27].  
	

4.7	Coexistence	
Coexistence is the one of the other issue when wireless short range technologies are compared. 
Coexistence can be defined with two possible definitions as ability of technology to operate 
presence radios in same environment or ability to locate with other wireless standards on same 
PCB [24].   
 
Coexistence and interference must be handled in a careful manner because Ant+ and Bluetooth 
Low Energy operate in 2.4GHz ISM band. Therefore a common MAC layer enables to switch 
between technologies. More over this MAC layer arranges channels by updating the channel map 
as good or bad according to its availability and by measuring channel quality such as Quality of 
Service, Packet loss rate etc.  Bluetooth v4.0 chip supports common MAC layer to come over 
coexistence issue. For example TI CC2567 chip supports both Ant+ and Bluetooth Low Energy. 
Classical Bluetooth is one of the most widely used wireless standards so it is also important to 
use existing features with Bluetooth Low Energy. Bluetooth v4.0 combines Classical Bluetooth 
and Bluetooth low energy in dual mode version chip [24].   
 
Bluetooth Low Energy uses AFH, which detects interference occurred in channels and keep them 
clear. Bluetooth Low Energy uses advertising channels in least congested part of the ISM band. 
As it is mentioned in sections before ANT+ specifically for sensor device uses a single channel. 
It is limited to work in low frequency range and uses one particular RF frequency to send over 
data.  ANT+ uses TDMA to schedule time slot, which enables to avoid interference. For the case 
where interference in a fully used channel TDMA doesn’t have ability to clear the congested part 
of the spectrum in contrast, Bluetooth Low Energy uses AFH which is more agile in hopping 
between frequencies. So other interference coming from other wireless devices can affect ANT+ 
network [28]. 
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4.8	Battery	Life	
Coin cell batteries are mostly preferred for sensor devices due to its lows cost, small size and 
weight. If coin cell battery is used in effective way in sensor devices, its lifetime will be longer 
relatively. There are many factors, which affect the battery life for sensor devices, but in this 
section two are discussed. First is to calculate power consumption during a transmission and 
offloading the payload. The other is to calculate average power consumption of sensor device 
during its operation period [25,28].  
 
An example of estimated battery life for sensor devices uses ANT+ technology can be calculated 
by using power estimator on ANT+ website. There are few options to choose battery model but 
in that example 2032 coin cell battery with 225mAh capacity is chosen. ANT+ AT3 chipset is 
used to send data and 120Bytes/second data rate. This data rate is chosen to compare battery life 
in sensors, which operates with Bluetooth Low Energy technology. If transmitted ANT+ data is 
8Bytes long, 15Hz is chosen to achieve 120Bytes/second with a simple calculation 8Bytes x 
15Hz. If sensor device is turned on continuously, for a day battery life can be calculated as 52.64 
days since average current is 175.5µA.	When same data rata is applied to devices operating with 
Bluetooth Low Energy, battery would last 187 days when average current is 48µA [25,28]. 
 
Battery life can be optimized by adjustment of device’s usage time, for example device can be 
turned to sleep and could be woken up when is need.  
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5	RELATED	EXPERIMENT	
	
5.1	Experimental	Setup	
 
In this section it will be discussed several experiments and results, which was observed while 
doing this study project and literature, review. One of experiment is a cyclic sleep scenario to 
compare power consumption of Bluetooth Low Energy (BLE), ZigBee and ANT+ protocols. The 
cycle sleep scenario is a benchmark test for short-range and low-power wireless sensor nodes 
where they periodically send a data packet to a remote ‘hub’ with intervening sleep intervals [41]. 
This scenario is used for many health fitness-health measuring and testing products, which is 
monitored by with a mobile phone-based hub.  
 
The table below summarizes the characteristics of modules used for the experimentation. 
 

 
Table 3: The characteristics of modules [41] 

 
According to cyclic sleep scenario, the sensor nodes would wake up and transmit an 8 byte 
packet with a following time periods: 5 sec, 10 sec, 30 sec, 60 sec and 120 sec. When nodes are 
configured for each case, packet overhead reduced and the time for node’s sleeping mode is 
maximized to minimize power consumption. 
 
According to configurations as shown in Table 3, cyclic sleep scenario set-up is done as shown 
in figure 18, where a BLE, ZigBee, or ANT+ sensor node periodically transmits a data packet to 
a hub.  
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Figure 19: Sensor and Hub connection [41] 

 
To compare the protocols directly, all user accessible parameters on the nodes were made equal, 
in particular: 
 

• Each transmission had one 8-byte data packet of arbitrary values. 
• The transmit power was set to 0 dBm. 
• RF packet acknowledgement was required. 
• The distance between the slave and the master was fixed at 30 cm. 
• Encryption was disabled. 
• A 3.3 V power supply was used. 

 
The experiments were done in an office environment when employees went to home to minimize 
sources of interfering RF traffic. 
 
Current Measurement: Sleep and active currents of the slave were measured separately to 
improve accuracy. Only the relevant module in each case was included so any external 
components such as microcontrollers were not included. More than 60 transmission events were 
measured. In this experiment MATLAB was used to show the total current consumption and 
duty cycle. It is calculated by dividing time the slave was awake by total time.  
 
The mean current consumption at sleep intervals of 5, 10, 30, 60 and 120 seconds is presented in 
Figure below and the results are summarized in Table below. 
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Figure 20: Mean current consumption for three protocols at different sleep intervals [41] 

 
As seen in Figure below the duty cycle scaled linearly (R2 >0.99) with the power consumption, 
in line with our expectation. BLE showed lower current consumption than ANT and ZigBee for 
all sleep intervals. 
 

 
Figure 21: Linear relation between mean current consumption and mean duty cycle [41]  

 
Duty cycle is calculated with dividing average awake time into total time for one complete cycle. 
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5.2	Performance	Analysis		
BLE consumes low energy than Ant+ and ZigBee that has been proved by the cyclic sleep 
scenario. BLE has lower sleep current (0.78uA) than Ant+ (3.1uA) and ZigBee (4.18uA). BLE 
has a longer sleep interval between RF packets. One of the main reasons behind BLE’s low 
energy consumption is that BLE has ability to sleep for long duration and to be awake to connect 
in a very short time. This achieved by protocol design of BLE that enables a contract between 
slave and master device [51]. 

 

Figure 22: Connection events and sleep mode corresponding with power curve [51]	
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6	DISCUSSION		
	
6.1	Results	
As it has been discussed before that the purpose of the thesis is to select most convenient and 
reachable wireless short range wireless technology to build Wireless Sensor Network to monitor 
muscular exertion rate for bike riders. On the bases of the study it has been concluded that BLE 
is better to be used for the problem under consideration, this argument based on the bases of the 
following facts 
 

• Low energy consumption 
• Protocol efficiency 
• High data rate 
• Low interference 
• Easy implementation because of wide range of support for transceiver manufacturers 

 
[38] Shows feasibility study of a self-designed BLE based wireless sensor network and the 
results presented coincides with findings in this thesis work. 
 
For applications involving sensors, range is considered to be an important factor. The range that 
is stated for the device is considered for the ideal environment but for the real time applications 
the devices are used in a congested environment. For example, for Bluetooth the range is quoted 
as 10 meters but it struggles to provide a regular stream from pocket to headset, as is the case due 
to cross body shielding  [32]. It is good to mention that human body can easily attenuate 2.4GHz 
frequency.    
 
Following are the typical ranges that are expected from the ultra-low power technologies. 
 

• ANT(+) ~ 30m [33] 
• ZigBee ~ 100m [36] 
• BLE ~ 280m [37] 

Battery life has direct relation with reliable packet transfer. If a packet is not successfully 
delivered due to accidental interference, the transmitter will keep on transmitting it again and 
again until it is successfully delivered. This results in decreasing of battery life. For single 
channel wireless systems, reliability decreases in congested environments.  
 
Channel hopping is a proven method to assist in avoiding interferences. BLE devices use 
Adaptive Frequency Hopping (AFH) with the help of which congested areas of spectrum are 
mapped out and avoided for future transactions. 
 
ANT is designed to operate over 8 channels, but often in some cases sensor nodes operate with 
just a single channel [8].  For ANT Time Division Multiplexing (TDM) is employed which helps 
in increasing the reliability. Another technique, which is employed by ANT network, is Bursting. 
Using Bursting technique available spectrum is used aggressively by blocking other ANT 
devices present in vicinity. ANT+ acknowledges bursting and recommends the transfer of file is 
to be conducted only on a clear channel.  
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Experiment in chapter 5 show that BLE consumes lower energy than ZigBee and Ant+.  This 
experiment is showed as a reference for different thesis projects from different Universities. 
 
6.1.1	Noise	Monitoring	[48]	
This project investigated BLE for noise monitoring applications. It proves that BLE provides low 
power consumption with having reasonable data rates and changes.  This project used BLE based 
on the experiment chapter 5 to monitor of the vehicle’s noise detection as shown below. 
	

Figure 23: Measured sound level for different vehicle types [48] 
	

6.1.2	Control	and	Supervision	of	Hydroponic	Farms	[49]		
This Project provides a solution to allow farmers to have a real time monitoring of hydraulic 
culture. Basically it gives real time information about ambient temperature, ambient humidity, 
hydroponics ‘bags’ water level, pH, lighting etc. BLE is selected to implement this project with 
comparison of the parameters (low energy, easy to implement, easy to use, low bandwidth, 
maximum communication distance) between short range low wireless Technologies BLE, Ant+ 
and ZigBee. Current consumption of sensing device is shown below 
	
	
		
	
	
	
	
	

Figure 24: Wave form of connect process [49]	
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6.1.3	Digitalized	Counter	System	[50]		
This project provides a digital tally counter instead of conventional one. All data from user hand 
must be confidential and supported by graphical interface, which have integrity and high 
availability. Some important requirements for this application is inefficiency, durability and low 
energy consumption. BLE is selected for this project and experiment in chapter 5 is shown 
referenced for low energy consumption. 
 
4 different approaches has been tested to minimize energy consumption in this project. 
 

• Approach 1, always connected and advertising 
• Approach 2, sleeping when idle 
• Approach 3, custom advertisements with data piggybacked 
• Approach 4, keep microprocessor on 

 
 
Battery life has been calculated as shown below.	  

 
Figure 25 : Different approaches for battery life [50]	

 
	
	
	

6.2	Future	Implications	
For further implications in the research, the aim is to base on the investigations on the calculation 
of the lifetime of the BLE based wireless sensor and also to present a simulation and a prototype 
of fully functional BLE wireless sensor network. Future implications also include the 
comparison of BLE wireless technology with some other wireless technologies such as Wi-Fi.  
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7	CONCLUSION		
	

In this research document, the ANT+ and Bluetooth Low Energy short range wireless 
technologies are studied and analyzed in order to choose most suitable short range wireless 
technologies for monitoring muscular exertion rate of bike riders.  
 
In my research part in thesis I faced several difficulties, which lead to limitation of the scope of 
the thesis. One of the major difficulties, which I faced, was access to relevant and latest 
whitepapers & application notes from the BLE work group. Access to these materials requires 
membership obligations according to which only companies or working professionals in 
companies which is a member of Bluetooth SIG, can only access those materials.  
 
I also explored general principles of protocol stack for these two technologies are and compared 
them with respect to some vital factors such as Power Efficiency, Robustness, Latency, 
Coexistence, Power Consumption and most importantly Battery Life. This was supported by 
prediction of possible power consumption in a network with the help of transmit, receive current 
and data rate. 
 
I analyzed the power consumption of BLE and ANT+ wireless network protocol. I also 
demonstrated that it is also possible to predict the exact possible power consumption of a 
network device. The actual power consumption of can be determined by some interacting factors 
some of which are receive, transmit currents and data rate.  On the bases of the argument I built 
in the thesis I can conclude that BLE achieves the low energy consumption followed by ANT+. 
Energy consumption of the wireless network protocols might depend on the factors such as hub 
parameters, transmitter and receiver distance, and also packet size variations. ANT+ is a wireless 
network technology, which is already being produced in numbers for market, and it has traversed 
a long distance in proving it to be technology for “sports and fitness”. In the same way it has 
been able to sell approximately 15 million chips beginning from 2004 to date [34]. It is also an 
integral part of three mobile headsets.  BLE is newly evolving wireless network technology, and 
is competing in the same market as ANT does. With its better power consumption per bit, it 
offers a promising market for the manufacturers. 
 
Bluetooth Low Energy shows itself as a strong low power wireless technology in short range 
wireless market especially for single hop communication, which is a suitable network scenario in 
terms of a possible application for monitoring muscular exertion rate for bike riders. In addition 
of this, Bluetooth Low Energy emerges with a new version of Bluetooth Technology and it is 
already in use and expected to be used to connect large amount of new smart devices. So this 
makes it one step ahead when it is compared with ANT+. ANT+ is mainly used in devices, 
which are used in sports and fitness, and it has a low integration with smart mobile phones 
because of necessity to modifying the protocol to accommodate additional devices. But 
Bluetooth Low Energy offers a dual mode solution that enables Bluetooth Low Energy to be 
used in smart phones without any requirement for any additional devices to connect a sensor 
device operating with Bluetooth Low Energy. 
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