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Abstract
When installing new network security cameras in buildings, the cameras are often connected
to sensors via signal wires. Since most building already have internet and electricity drawn
throughout the structure, the procedure of routing a new signal wire can be costly and time
demanding. By replacing this wire with a wireless link, the cost and time it takes for the
customer to install a camera could be reduced.
The objective for this thesis is to investigate different wireless technologies used in short
range, low power wireless communication networks such as PANs and LANs. Focusing on
technologies used in the surveillance segment a decision will be made on which wireless
technology that would suit as a link between a sensor and a camera for transmitting trigger
signals. The technology will then be implemented in a proof-of-concept accessory, which can
give an Axis Communications camera wireless functionality through it’s IO port.
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1. Introduction

1.1

Problem specification

The internet of Things (IoT)[1] is a steadily growing market and the wish for Wireless Home
Automation Networks(WHAN) is bigger than ever. To allow customers to interconnect their
surveillance devices with all kinds of sensors for a flexible security system, Axis communications is searching for an easy solution to be able to integrate their cameras in such a network.
The problem right now is the wired connection between their cameras and sensors. The idea
for this thesis is to replace the wired link with a wireless communications accessory. This
could reduce cost and time while installing the surveillance system, as well as providing the
ability to create an expandable IoT based security system. A suggested concept of a security
sensor network can be seen in Figure 1.1.

Figure 1.1: An example of a security sensor network.

1.2

Objective & research questions

The objective for this master thesis is to investigate different wireless technologies used
for short range communication such as PAN(Personal Area Network) and LAN(Local Area
Network). Focusing on technology used in the surveillance segment, the project group
1
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will investigate which technology that complies with the thesis requirements and would
be a suitable solution for a wireless scalable camera and sensor network. Based on the
study, develop a proof-of-concept accessory which gives an Axis camera wireless functionality
through it’s IO(Input/Output) port.
Below are some of the project groups research questions listed:
• Which wireless technologies are most commonly used in the surveillance segment?
• Which network topology is a viable option and enables scaling of the camera/sensor
network?
• Which wireless technology suits the project according to the requirements and circumstances?
• Which frequencies are allowed to use globally?
• Is 0.6 W enough to supply the accessory?
• Which antenna type allows for simple integration into a proof-of-concept build?
• What theoretical range will the accessory be capable of?
• What is the practical line-of-sight range in a suburban/urban area?

1.3

Requirements and demarcations

General requirements
Requirement: 1
Requirement: 2

Power consumption ≤ 0.6 W.
The accessory should work on a global license-free frequency band.

Demarcation
Demarcation:
Demarcation:
Demarcation:
Demarcation:

1
2
3
4

Software/Programming.
Encapsulation.
Safety precautions.
IP-classification.

For more detailed requirements see Appendix B.

1.4

Budget

Tools and resources needed for the project will be available in the electronics lab at Halmstad university or at Axis facilities in Lund. Components needed for the project will be
ordered from sites like Elfa, Farnell, Digi-Key, Mouser and other similar suppliers. Axis
Communications will provide financing for the project.

2
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Similar solutions

The IoT is growing at a very high rate and it’s calculated that by 2020, 50 to 100 billion
devices will be connected to the internet[2]. This means that it’s an ever growing market
for wireless connectivity for different devices.
One report that covers this subject is Wireless Networks for Smart Surveillance: Technologies, Protocol Design and Experiments[3] by M. Spadacini et al. This report covers
wireless sensor network that operates at the 868 MHz ISM band and is based on a SimpliciTI wireless module(CC430)[4]. With this wireless module the Received Signal Strength
Indication(RSSI) is measured at different locations indoors.
The report ZigBee technology and its application in wireless home automation systems: A
survey[5] by Thoraya Obaid et al. presents the main features and a technical overview of
the ZigBee protocol. The report also presents a survey of ZigBee based home automation
system and compares the performance with other competing technologies. Also some future
opportunities and challenges of ZigBee based systems have been listed in this paper.
One report that does a good survey and explains the features of some wireless protocols
is Wireless Home Automation Networks: A Survey of Architectures and Technologies[6] by
Carles Gomez and Josep Paradells. Most important for this project was the comparison
between the ZigBee and Z-wave protocol, the report also gives some examples of different
applications for wireless products.
The report Recent Advances and Challenges in Wireless Multimedia Sensor Networks[7] by
Denis do Rosário et al. covers some applications and architectures for wireless sensor networks(WSN). The four layers (Physical, Link, Network, and Application) and some relevant
issues in the design of wireless sensor networks are also brought up.
The report A survey on wireless multimedia sensor networks[8] by Ian F. Akyildiz et al. is
a survey of algorithms, protocols, and hardware for wireless multimedia sensor networks.
It also covers different architectures for wireless multimedia sensor networks, with their
advantages and drawbacks as well as applications and the different layers in the stack.
There are many implementations and guides of different wireless protocols and wireless home
automation systems, this project focuses on building an accessory that can be incorporated
into most of Axis Communications cameras. The accessory would then allow the camera to
join a security sensor network for home or office surveillance system. The requirement for
low power consumption, less than 0.6 W, limits the selection to an energy efficient protocol.
In contrast to most wireless sensors, that uses batteries, the accessory in this project runs
on a continuous power supply from the camera. This means that it doesn’t need to engage
in a sleep-mode to save energy which gives the accessory the ability to function as either a
coordinator, router or end-device in a wireless network.

3
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2. Background

Axis Communications is a company that is mainly centred around network surveillance
cameras for many different types of surveillance needs. Most cameras have IO ports which
is often connected to one or multiple sensors. For instance, if a motion sensor is activated,
a signal from the sensor is sent to the camera telling it to start recording. Even though
it is very common with wireless communication, Axis Communications uses a wired link
between the sensors and their cameras. This increases the complexity of installing and
mounting the cameras and sensors. Since most building already have internet and electricity
drawn throughout the structure, the procedure of routing a new signal cable is very time
demanding and is therefore undesirable. A wireless link could reduce cost and time it takes
for the customer to install the camera. A wireless link could also allow the consumer to
connect some of their own devices to the cameras and sensors.

2.1

Theory

Implementation in Axis products
The accessory should function as a wireless link between a sensor and a camera, this means
that the sensor needs to be able to communicate with the accessory. The accessory should
be connected to the cameras IO connector. The IO connector consists of two IO-ports and
a 12 V (0.6 W) supply.

ISM band
To make this accessory usable for all customers all over the world, it needs to operate on
a license-free frequency called the ISM(Industrial, Scientific and Medical) band. The most
commonly used frequencies for short range communication is 2.4 GHz(worldwide), 915 MHz
(in the U.S) and 868 MHz (in EU). Figure 2.1 shows the frequency bands that are used
around the world.

Network topologies
A network consists of multiple devices connected using the same interface. These devices
can be connected in different ways to achieve different network topologies. Some of these
topologies can be seen in Figure 2.2.
Star
In a star topology network, all devices are connected to a central point (switch, router),
called hub. With this setup, adding or removing devices from the network is easy since the

5
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Figure 2.1: The unlicensed frequency bands used worldwide

Figure 2.2: A sample of different network topologies.[9]
procedure doesn’t interrupt or disconnect any other device. This type of topology is often
used in a LAN(Local Area Network), wired or wireless.[10]
Ring
Each device in a ring topology has exactly two neighbours and all messages travel through
the ring in the same direction. If any device is disconnected or if a cable breaks, the entire
network stops working. Ring topologies can be found in schools or offices.[10]
Bus
In a bus network topology, all devices are connected to a single shared wire with an interface connector. When a device wants to communicate with another device, it sends out a
broadcast message on the wire. All other devises connected will see this message but it’s
only the intended receiver that can accept and process it.[10]
Tree
A tree topology consists of multiple star networks connected to a single bus. Hub devices
(switch, router) connects to the bus and acts as the centre of a star network.[10]
Mesh
The devices in a mesh network form connections to each other, creating a structure where
the messages can take multiple paths from the source to the receiver. A mesh network
uses multi-hop which means that the signal travels from device to device until it reaches its
6
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intended “endstation”. The internet, for example, is made up of a mesh network. If a device
is disconnected from the network, the other devices connect and provide a new paths. With
this topology there is always a path for the messages.[10] If all devices in a mesh network
have a connection to all other devices, it’s called a fully connected network.
Line
Line or point-to-point network topology are configured almost like a ring but the end devices
are only connected to one other device.
Piconet/Scatternet
Another network topology based on point-to-point is piconet and scatternet. A piconet
contains a master-device which communicates with up to seven active slave-devices. If more
slave-devices are connected, they will end up in a so called parked state where they are
connected to the master but not active. If two or more piconets share a connection to a
device(slave or master) they form a scatternet. The structure of Piconet/Scatternet can be
seen in Figure 2.3.

Figure 2.3: a shows a point-to-point connection between a master and slave, b shows master
with three slaves, c shows three piconets that forms a scatternet[11]

Interference
Since there can be a lot of devices that coexist around the same frequency there will be interference. To avoid interference, some devices uses Adaptive Frequency-Hopping spread spectrum(AFH) which is a variation of Frequency-Hopping Spread Spectrum(FHSS). AFH[12] is
a method that searches the frequency spectrum and changes the operating frequency of the
devices that are connected. This allows the devices to stay connected on a good frequency
without interference from other devices. Another common modulation is Direct-Sequence
Spread Spectrum(DSSS)[13], which modulates the signal before it is sent.

Possible wireless technologies
There are multiple wireless communication protocols used for different purposes. The
802.15.4 is a technical standard which defines the physical(PHY) and media access control(MAC) layer of low-rate wireless personal area networks (LR-WPANs).

7
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Bluetooth
Bluetooth Basic Rate/Enhanced Data Rate goes under the standard IEEE 802.15.1
and is a well known technology for short range wireless communication. Bluetooth BR/EDR
is often used to replace cables for computer peripherals, such as printers, mice and keyboards. These different applications are better known as Wireless Personal Area Network
(WPAN)[14]. The bit rate supported by Bluetooth basic rate is around 1Mb/s and with
enhanced data rate it is between 2-3Mb/s. Bluetooth BR/EDR operates in the license-free
ISM band at 2.4 GHz[11]. Bluetooth uses Adaptive Frequency-Hopping spread spectrum
to avoid interference from other devices in the ISM band, the ISM band is divided into 79
different frequencies separated at 1MHz. This gives the Bluetooth 79 different frequencies of
operation. Bluetooth is configured in piconet/scatternet topology, this limits the connections
to 8 devices.
Bluetooth Low Energy(BLE, Bluetooth Smart) goes under the same standard as Bluetooth BR/EDR, IEEE 802.15.1. BLE operates at the same ISM band as Bluetooth BR/EDR,
2.4 GHz and support a bitrate around 1Mb/s[11]. Though it has a lower bitrate than Bluetooth BR/EDR the BLE is much more power efficient, this is due to the new ultra low-power
idle mode and power-saving technology[15]. BLE uses the same topology as the basic Bluetooth(scatternet/piconet) but it isn’t limited to only eight devices. It also uses a similar
frequency hopping like the basic Bluetooth, but uses 40 different frequencies in the ISM
band to switch between.
ZigBee
ZigBee is a short range wireless protocol over IEEE 802.15.4 and is mostly used in simple
low power devices. A ZigBee network, called a Low Rate-Wireless Personal Area Network
(LR-WPAN), is often used in sensor networks with low bit rate, 250 kb/s. There are two
different types of devices that can participate in a LR-WPAN: a Full-Function Device (FFD)
and a Reduced-Function Device (RFD). A FFD can talk to other FFDs or RFDs while RFDs
can only talk to an FFD. In a star-topology network the end devices are RFDs while the
center hub is a FFD. In a mesh-topology network, all devices should be able to talk with
each other and therefore all devices should be FFDs. A ZigBee network operates on the
ISM-band at 2.4 GHz, 915 MHz and 868 MHz and supports more than 65000 cell nodes.
To be able to reach all nodes in a network, ZigBee utilizes multi-hop which means that the
signal hops from device to device along the way until it reaches it’s end-station.[14] There is
a great variety of different ZigBee stacks available, designed for different application areas.
Some of these are Smart Energy, Home Automation and Light Link, a drawback with these
is that they can only communicate with devices using the same stack. The newest, Z-STACK
3.0.0[16], allows the user to create a network where the older stacks are able to communicate
with each other through a 3.0.0 node.
Z-Wave
Z-Wave is also a LR-WPAN and was developed to deliver short messages from a control unit
to one or multiple nodes. Z-Wave operates at 868 and 908 MHz, the later series also supports
2.4 GHz. The Z-Wave protocol can transmit between 9.6, 40 and 200 kb/s depending on
the frequency that is uses. The protocol makes use of the mesh topology and can have up
to 232 nodes connected but it can only make a limited amount of hops between the devices
which limits the range [17]. Z-Wave contains two different types of devices: controllers and
slaves. The controller polls or transmits packets, the packet contains the command and a
path to a slave node. The controller always tries to make a direct contact to the slave, if
this isn’t possible it calculates the smartest route for the packet.
DASH7
The DASH7 is an active RFID standard for 433 MHz wireless communication based on
the ISO/IEC 18000-7 standard. DASH7 uses the network technology BLAST which is

8
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an acronym for Bursty, Light, Asynchronous, Stealth, Transitive. Bursty implies that it
doesn’t stream date but uses a more abrupt data transfer. Light mean that is uses limited
packet size (256 bytes) but can send multiple consecutive packets. Asynchronous implies
that communication is based on command-response without any periodic synchronization.
Stealth refers to the fact that DASH7 does not need any periodic address broadcasting,
which means nodes can choose to communicate only in trusted environments. Transitive
refers to the mobile transitional behavior of devices and/or tags.[18] DASH7 has a nominal
bit rate of 27.8 kb/s, a nominal range of of 250 m and works within star, tree or mesh
topology.[19]
ANT
ANT is a Personal Area Network (PAN) communications technology optimized for transferring with low-data rate (20-60 kb/s) and low-latency. It transmits at the licence free
ISM band 2.4 GHz with a nominal range of 30 m and is typically used in wearable sensors.
The ANT protocol supports a large range of scalable network topologies. From a simple
2-node unidirectional connection between a transmitting peripheral device and a receiver,
to a complex full point-to-multipoint communications network. [20]
MiWi
MiWi is a simple protocol that is designed for short distances, low-cost networks and low
data rate. It is based on the standard for LR-WPAN(802.15.4) and is an easy alternative for
wireless communication. MiWi operates at 868 MHz, 915 MHz and 2.4 GHz and supports
a bit rate of 20, 40 and 250 kb/s. This protocol can have three different topologies: star,
cluster and mesh. Miwi can have up to 1024 nodes in a network but it has a limitation of 4
hops between the nodes in the network.[21]
Other wireless technologies
Since a multitude of different wireless protocols exist, many of them were left out of this
report and were not considered because they are either too unknown, have too little support
or are simply not meant for this kind of applications.

Power supply
The power supply for this accessory needs to be as efficient as possible due to the power
limitations. Voltage regulators come in different formats with different positive and negative
aspects. There are two main types: Linear- and Switched-regulators.
Linear devices
Linear voltage regulators are very popular and widespread since they’re often small, cheap
and easy to implement. Compared to switched regulators, the linear regulators doesn’t need
additional bulky components and they have a much better noise characteristics. The largest
disadvantage of linear regulators is their inefficiency, the excess energy is dissipated as heat.
Switched devices
In switched devices, the output voltage is controlled by an active component which pulsewidth modulates the input voltage, generating an average voltage which is then fed through
an inductor-filter to smoothen out. The frequency at which the active component operates
affects the efficiency and the size. A higher frequency allows the use of smaller components
which leads to smaller power supplies in general. The inductor size is mainly determined
by the allowed ripple current and for a given inductance, the ripple current decreases with
rising frequency. To maintain a specific allowed ripple current, the size of the inductor can
be decreased if the frequency is increased. With an increased frequency the magnetic-core

9
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loss in the inductor also increases due to magnetic hysteresis. There is also a loss in the
switching element of the regulator, which originates from the transition between it’s fully
conducting state to it’s nonconducting state. This loss is increased with higher frequency
since it spends more time in this region than at lower frequencies.[22]
There are two types of switching voltage regulators: synchronous and non-synchronous.
While the basic operation and topology are the same they differ in the low-side switch
which results in a higher efficiency for the synchronous regulator, see Figure 2.4. In a nonsynchronous regulator the switch consists of an external diode while in a synchronous it’s
an integrated transistor.[23]

Figure 2.4: The difference between a nonsynchronus and a synchronus buck regulator.[24]
The loss in the different low-side switches comes from the forward voltage drop of the
Schottky-diode and the on-resistance in the transistor, respectively. The power loss over
each of the two switches can be calculated with Equation 2.1 for the diode and Equation
2.2 for the transistor.[23]

PD = VD ∗ Iout ∗ (1 −

Vout
)
Vin

2
PF ET = Ron ∗ Iout
∗ (1 −

Vout
)
Vin

(2.1)

(2.2)

Transceiver
A transceiver is a combined transmitter and receiver, this mean that the transceiver switches
between transmitting mode and receiving mode(T/R switch). A block diagram of a typical
transceiver can be seen in Figure 2.5. The receiver part of the transceiver down-converts
the radio frequency (RF) to a lower frequency and filters out the unwanted frequencies. The
signal can then be demodulated and the information can be extracted. The transmitter part
works in the opposite way as the receiver, it modulates the information, then up-converts it
to the desired RF, filters the unwanted signals and amplifies the signal. To reduce external
components in a circuit, the transceiver can have an internal micro controller, also known
as a System on Chip (SoC). [25]

Micro controller unit
A MCU or Micro Controller Unit is basically a complete computer on a chip. Inside a MCU
there are all the basic components of a computer, such as: microprocessor, oscillator, A/D
converter, RAM, flash-memory and peripherals. Micro controller units are used everywhere
in alarm clocks, phones, cameras, washing machines, elevators and basically all electronic
machines for day to day applications. The MCU deals with inputs from buttons, sensors
and similar components and controls peripheral output circuits such as motors, lamps and
displays according to a preset program.

10
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Figure 2.5: A typical block diagram of a transceiver

Antenna
The antenna is one of the most important components in a wireless communication system.
It’s purpose is to convert electrical signals into electromagnetic waves (EM-waves) and vice
versa. The size of the antenna depends on the wavelength which can be calculated from
the frequency with the following formula: λ = C0 /f0 where C0 is the speed of light and f0
is the center frequency that is being used. It is important to match the source and load
impedances, otherwise, only parts of the incident wave will be sent, the rest will be reflected.
The ratio between the reflected waves amplitude and the incident waves amplitude is called
the complex reflection coefficient (Γ) and is calculated in Equation 2.3. Antenna matching
uses two different terminologies: Voltage Standing Wave Ratio (VSWR) and Return Loss
(RL, S11 ), these equations can be seen in Equation 2.4 and 2.5. [26]

Γ=

Za − Z0
Za + Z0

(2.3)

V SW R =

1 + |Γ|
1 − |Γ|

(2.4)

S11dB = 20log(Γ)

(2.5)

There is a multitude of different antenna types and they differentiate in many ways. Some
of them are omnidirectional and others are directional, this affects the gain. If an antenna
is isotropic it transmit the same amount of power in all directions (0 dBi), this is what the
omnidirectional antenna tries to replicate. If the antenna transmits in a semi dome or half
sphere, it would transmit with twice the amount of power (3 dBi) as an isotropic would.
Some of the most common antennas for shorter ranges are: PCB antenna, chip antenna,
whip antenna and wire antenna.
PCB antenna
The PCB antenna is printed onto the PCB, this antenna can take many different forms and
its size depends on the frequency that is being used. The advantages with a PCB antenna
is the low cost and the good performance. The disadvantage is that it is difficult to design
a small and efficient PCB antenna.[27]
Chip antenna
The chip antenna is a small IC that has a conductor inside of it, this antenna is very useful
when you have a limited amount of space. It can also take some time to match the antenna
to 50Ω to get a good performance, so in many cases additional components are needed.[27]
Whip antenna
The whip antenna consists of a long flexible wire or rod, the length is usually one-quarter of
the wavelength long. If you want good efficiency while size and cost isn’t that crucial, the
11
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whip antenna is a good alternative.[27]

Wire antenna
A wire antenna is mostly used for lower frequencies where the antenna size gets bigger. This
means that a wire can be used as an antenna and be formed around the mechanical housing
of the product.[26]

12

3. Method

3.1

Method description

The project is divided into four parts. Part one consists of an investigation to establish a
requirements specification. Evaluation of suitable wireless technologies and an investigation
of the incorporation of the technology in Axis products will be conducted during part two.
During part three, a “proof-of-concept” accessory will be manufactured, based on the chosen
wireless technology, to the IO port of an Axis camera. Part four will be implemented if time
permits and it consist of an investigation to check the possibilities to create a Mesh network.
To gain knowledge about which wireless technologies are used in what applications, a solid
pre-study has be done on similar products. Other projects on the same topic will also be
studied. To further improve the understanding of the different wireless technologies and
systems, they will be read upon and a comparison of the different wireless technologies will
be done to determine which is most suitable for this project. The layout for the circuit
board will be drawn in Eagle1 (Easy Applicable Graphical Layout Editor).

3.2

Subsystems

The project has been divided into four different subsystems: Power supply, micro controller
unit, transceiver and antenna which are explained more in Section 2.1. How the different
subsystems are connected can be seen in Figure 3.1, the camera block shows how the accessory should be connected in the end. The requirements for each of the subsystem can be
seen in Appendix B.

Figure 3.1: The different subsystems
1 http://www.autodesk.com/products/eagle/overview
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Decisions

Protocol
Comparison of viable network-protocols
Table 3.1: This Table shows the comparison of the different wireless technologies.
Technology

Frequency
[MHz]
2400

Bitrate
[kb/s]
1000-3000

Range
[m/hop]
∼10

Topology

Standard

Piconet/Scatternet

802.15.1

Bluetooth Low
Energy

2400

1000

∼10

Piconet/Scatternet

802.15.1

ZigBee

868/915/2400 20/40/250

∼25

Star/Clustertree/Mesh

802.15.4

Z-Wave

868/908/2400 9.6/40/200

∼25

Mesh

ITU-T
G.9959

DASH7

433

27.8

∼250

Star/Tree/Mesh

ISO/IEC
18000-7

ANT

2400

20-60

∼30

All possible

ANT

MiWi

868/915/2400 20/40/250

∼25

Star/Cluster/Mesh

802.15.4

Bluetooth
BR/EDR

The accessory must be available globally which means that it must work in the licence free
ISM bands. Among the frequencies in Table 3.1, 2400 MHz is the only one that can be used
worldwide[28]. DASH7 is not the strongest opponent and its low bit-rate doesn’t make it
better. ANT also has a low bit-rate of 20-60 bit/s compared to Bluetooth, ZigBee, Z-Wave
and MiWi. According to the above table BT and BLE have short range and are not able
to form an expandable network (a mesh network) and are hence left out. Out of the three
that are left (ZigBee, Z-Wave and MiWi), Z-Wave and MiWi has a limitation of four hops
in the mesh network while ZigBee is limited to 255 hops. Z-Wave and ZigBee are the most
common and supports a heap of devices, while MiWi is less known.
In this thesis ZigBee is chosen as the wireless technology to be used, since it is more versatile
than Z-wave and it can be configured for virtually any short-range wireless tasks. It also supports different profiles to minimize development time for common applications. Compared
to Z-Wave, ZigBee has a far more complex protocol, which may result in longer development
times. However Z-Wave chips are licensed and are only available from one source, Sigma
Designs while ZigBee chips are available from lots of vendors making them more accessible.

Transceiver
In order to start programming and establish a transmission, it was determined that a development kit gave the best opportunities to quickly familiarize with the product. The following
four chips were chosen because they met all the requirements regarding the protocol, serial
interface and frequency.
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1. LAUNCHXL-CC2650
The SimpleLinkTM CC2650 Wireless MCU LaunchPadTM Kit(LAUNCHXL-CC2650)
[29] is built up around the CC26xx series from Texas Instruments. The launchpad kit
includes a board with a debugger(XDS110), a CC2650[30], a PCB antenna and many
more functions. It also has pins available to debug external components. The launchpad kit also includes software programs like IAR Embedded Workbench and Code
Composer Studio IDE. The CC26xx series is a cost effective and low powered wireless
MCU that operates at 2.4 GHz, the series also covers multiple different protocols. The
CC26xx series has in fact such a low power consumption that it can only act as an
end device in a mesh network. The advantages with the LAUNCHXL-CC2650 is that
it is cheaper than the others and it has a really low power consumption. This means
that it can only operate as an end device which together with it’s inability to use the
ZigBee 3.0.0 is two undesirable attributes.
2. JN517x-DK005
JN517x-DK005[31] allows quick and easy product development of 2.4 GHZ radio with
the NXP JN517x series of low-power, high-performance wireless microcontrollers[32]
over IEEE 802.15.4 and ZigBee. The kit includes carrier boards with NFC tags, JN5179
modules, sensor boards, USB dongles and a Raspberry Pi board. It also includes free
software development programs like a toolchain with C compiler, Flash programmer
and Eclipse IDE. The development kit has support for ZigBee 3.0.0 and “Over-the-air”
firmware updates. This is all good but it is unnecessary intricate and comes with a lot
of stuff that is considered unnecessary for this project, plus it’s also the most expensive
of the four development kits.
3. CC2530DK
CC2530DK[33] contains 2 x SmartRF05EB, 2 x CC2530 Evaluation Modules, 2 x
Antennas and a CC2531 USB Dongle, you also get access to software programs like
SmartRF Studio, SmartRF Flash Programmer, IAR Embedded Workbench and SmartRF
Packet Sniffer. The development kit is made for the CC2530 wireless MCU, the CC2530
is a transceiver for IEEE 802.15.4 and ZigBee Applications that operates on 2.4 GHz.
The development kit supports ZigBee 3.0.0 but not “Over-the-air” firmware updates.
4. CC2538DK
The CC2538DK is very similar to the CC2530DK but they focus on different wireless
MCUs, the CC2530 and the CC2538[34]. The CC2538 is a more advanced version
of the CC22530 and it’s key advantages are: better security processor, more GPIOs,
larger flash memory and higher output power. Similar to the CC2530DK it supports
ZigBee 3.0.0 but it also has “Over-the-air” firmware updates.
Since the LAUNCHXL-CC2650 doesn’t support ZigBee 3.0 and is only intended as an end
device it was out of the picture rather quickly. The JN517x-DK005 was the most expensive
of the four alternatives, it also included a lot of extra unnecessary features that could
complicate the development of the project. The CC2530DK was chosen over CC2538DK
since the CC2538 MCU was considered unnecessarily sophisticated for the task at hand.

CC2530
Figure 3.2 shows a block diagram over the transceiver CC2530 which is used in the project.
The internal on-chip voltage regulator allows an input voltage between 2-3.6 V and reduces
it to 1.8 V which is the operating voltage of the internal circuitry. The transceiver allows
up to two crystal oscillators, one 32 MHz(XOSC_Q1, XOSC_Q2 in Figure 3.2) and one
32.768 kHz(P2_3, P2_4 in Figure 3.2). The later 32.768 kHz crystal is optional and is
15
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Figure 3.2: The block diagram of the CC2530 transceiver. [35]
used in applications where both very low sleep-current consumption and accurate wakeup times are needed while the 32 MHz crystal clocks the main MCU. The MCU has two
USART that can be configured as either UART or SPI master/slave and is well suited for
high-throughput full-duplex applications. A two-wire serial interface allows full debugging;
erasure of the entire flash memory, oscillator control, execution of the user program, set
code breakpoints, and single-step through instructions in the code. The chip also features
an AES encryption/decryption core which allows encryption/decryption with 128-bit keys
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and are required by the IEEE 802.15.4 MAC security, the ZigBee network layer, and the
application layer. A IEEE 802.15.4-compliant radio transceiver is integrated in the CC2530
chip which includes a packet-filtering and address-recognition module. The interface between
the radio and MCU provides features such as radio event sequencing, status read-out and
the possibility to issue commands. The radios RF signal is ported through a differential
input/output(RF_P and RF_N in Figure 3.2).

Power supply
The power supply is a switched synchronous buck regulator, which has a superior efficiency
compared to non-synchronous regulators. The power supply needs to have the highest
efficiency close to the maximum power consumption of 39.6 mA at 4.5 dBm in TX-mode
for the CC2530[35]. To find a feasible voltage regulator with a good enough efficiency,
WEBENCH Design Center2 was used to simulate the conditions.
The regulator TPS54302[36] was chosen considering the relative high efficiency and the
amount of surrounding components needed. The efficiency of the regulator can be seen in
Figure 3.3. Due to the low current consumption, the voltage regulator will enter Pulse Skip
Mode. This means that when the output current from the voltage regulator decreases, the
time between the switching pulses increases. By entering the Pulse Skip Mode, the efficiency
is increased for light loads. [37]

Figure 3.3: The efficiency of TPS54302[36] at different output currents.

Antenna
The chosen CC2530 development kit contained two whip antennas[38] for their transceivers
modules. The same antenna will be used for the accessory. It was decided to use these whip
antennas because they have a good performance rate and they are easier to implement in
an early stage of the project.
2 http://www.ti.com/lsds/ti/analog/webench/power.page
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Software and programming

SmartRF Studio
SmartRF Studio is an application that was developed by Texas Instruments for their lowpower RF devices. The application is used to configure and evaluate the RF system in an
early stage of the development. One of the key features of the application is that it can
generate and configure different register values which makes it very practical during the
testing and debugging phase of the project.

SmartRF Flash Programmer
SmartRF Flash Programmer includes a graphical user interface and is used to program the
flash memory in Texas Instruments 8051-based low-power RF wireless MCUs. It is also used
to upgrade the firmware on evaluation boards.

IAR Embedded Workbench
IAR Embedded Workbench is a complete debugger and C/C++ compiler toolchain for
building and debugging embedded applications for microcontrollers.

SmartRF Packet Sniffer
A packet sniffer is a combined program and RF module that can listen and record nearby
transmissions. The module in this case is the USB-dongle included in the development kit ad
the software used is SmartRF Packet Sniffer. The SmartRF Packet Sniffer is a PC software
application that filters, stores and displays radio packets captured by the USB-dongle.

Programming
The Z-stack contained some examples of applications such as a light switch, door lock and
a temp sensor program. These programs were all based on a complex operating system that
made it hard to modify the code to the desired specification. It was at this time decided
that the best option was to outsource the programming and focus on the hardware.

3.5

Development

To allow separate testing on the two parts of the accessory, the power supply and the
transceiver were manufactured on two different circuit boards.

Power supply
The power supply is based around the synchronous voltage regulator TPS54302[36] which
converts the input of 12 V into 3.3 V. The TPS54302 datasheet provided the information to
create a circuit diagram, which together with the layout were designed in Autodesk EAGLE
8.1.1 and can be seen in Figure 1 and Figure 2 in Appendix A.
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The regulator has an adjustable output voltage which is controlled by two resistor values
in a voltage divider. The resistor values are calculated using Equation 3.1 provided in the
datasheet. Vref is the internal voltage reference at 0.596 V and Vout is the desired output
voltage, which for this accessory is 3.3 V. R2 was chosen to be 100kΩ and the calculations
gave a value of 22kΩ for R3.

R3 =

R2 ∗ Vref
Vout − Vref

[36]

(3.1)

The input ripple voltage is calculated with Equation 3.2. With the input capacitor value of
15µF , the ripple voltage was calculated to be ∆VIN = 2.26mV . However the value of the
capacitor can be much smaller since the maximum allowed ripple voltage is 100 mV for the
12 volt rail.

∆VIN =

IOU T (M AX) ∗ 0.25
+ (IOU T (M AX) ∗ ESRM AX )
CBulk ∗ fSW

[36]

(3.2)

An inductor of 6, 2µH was chosen for the power supply to smooth out the current. This
value was obtained from the application circuit in the datasheet. However the application
circuit were made for a current of 3 A. This was discovered after the components were
ordered and the inductor was then calculated to 498µH for 40mA using Equation 3.3 from
the regulators datasheet.

LM IN =

VOU T ∗ (VIN (M AX) − VOU T )
VIN (M AX) ∗ KIN D ∗ IOU T ∗ fSW

[36]

(3.3)

The output capacitor is mainly determined by the allowed voltage ripple and how the regulator should respond to a change in load current. The output capacitor must be sized to
supply the extra current to the load until the control loop responds to the load change while
only allowing a tolerable amount of drop in the output voltage. By using Equation 3.4 from
the datasheet[36], COU T was calculated to approximately 0.2µF . ∆IOU T is the maximum
change in output current, ∆VOU T is the maximum allowed output voltage drop and fSW
is the switching frequency of the regulator. The final circuit has instead a COU T of 330µF
which was taken from the application circuit.

COU T >

2 ∗ ∆IOU T
fSW ∗ ∆VOU T

[36]

(3.4)

The list of components used are listed in Table 1 in Appendix D. When the layout was done,
a prototype circuit board was etched and the power supply was assembled at the electronics
lab at Halmstad University.

Transceiver
The application circuit for the transceiver was found in it’s datasheet (CC2530[35]). Since
the applications to be used during the development doesn’t need to enter sleep mode, the
external 32.768 kHz crystal was excluded from the design. The transceiver uses a differential
input/output for the RF signal which means that a differential matching network is needed
between the transceiver and the antenna. The matching network ensures low reflections to
maximize the output power. However, the layout of the components has a great impact on
the reflection coefficient. The component values were taken from the application notes in the
datasheet. The circuit and layout were drawn in Autodesk EAGLE 8.1.1 and can be seen
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in Figure 3 and Figure 4 in Appendix A. The circuit was assembled by hand and tested in
the electronics lab at Halmstad university. The components used in the transceiver circuit
can be seen in Table 1 in Appendix D.

20

4. Results

4.1

Software

The SampleLight/-Switch example codes were modified so that at start-up, the coordinator
forms a network and starts searching for devices. The routers and end-devices were modified
so they automatically join any existing network. After the network is formed the only action
that can be performed, by externally pushing a button on the module with SampleSwitch,
is to toggle the light on a module with SampleLight.

4.2

Tests

Packet Error Rate/Range test
The practical range of the accessory was tested with a Packet Error Rate(PER) test. The
tested accessory can be seen to the left in Figure 7 in Appendix A together with its power
supply in the middle in the same figure. The PER test counts the number of received packages and packages with error as well as the the Received Signal Strength Indication(RSSI).
PER displays the proportion of properly received packages as a percentage and the Received
Signal Strength Indication(RSSI) is a measurement of the average received signal strength.
A raw RSSI value are appended automatically by the receiver when the packet is received.
The RSSI value is corrected with an offset before it’s displayed.
The test were performed by sending packages with a CC2530EM and receiving both with a
CC2530EM and the self-manufactured accessory. The packages were sent at four different
distances; 1, 50, 100 and 150 m and at three different transmission powers; -3, 1 and 4.5
dBm. The results from the test can be seen in Table 4.1 and Figure 4.1 for the CC2530EM
and Table 4.2 and Figure 4.2 for the self-manufactured accessory.
Table 4.1: Results from the PER test with a CC2530EM receiver.

-3dBm
1dBm
4.5dBm

1m
RSSI: -38.2dBm
PER: 0%
RSSI: -36.2dBm
PER: 0%
RSSI: -32.7dBm
PER: 0%

50m
RSSI: -76.5dBm
PER: 20.6%
RSSI: -69.6dBm
PER: 0%
RSSI: -63.8dBm
PER: 0%

100m
RSSI: -83.7dBm
PER: 38.8%
RSSI: -81.8dBm
PER: 48%
RSSI: -76dBm
PER: 0%

150m
RSSI: PER: RSSI: -86.5dBm
PER: 90.5%
RSSI: -84.8dBm
PER: 94.3%

The practical range can be compared with the theoretical range which can be calculated

21

Wireless IO

June 10, 2017

Table 4.2: The results from the PER test with the self-manufactured receiver.

-3dBm
1dBm
4.5dBm

1m
RSSI: -45.2dBm
PER: 0%
RSSI: -41.9dBm
PER: 0%
RSSI: -40.7dBm
PER: 0%

50m
RSSI: -79.3dBm
PER: 19.2%
RSSI: -77.3dBm
PER: 2.2%
RSSI: -72dBm
PER: 3.6%

100m
RSSI: -85.3dBm
PER: 97%
RSSI: -84.1dBm
PER: 90.2%
RSSI: -80.4dBm
PER: 32%

150m
RSSI: PER: RSSI: PER: RSSI: PER: -

Figure 4.2: RSSI vs Distance with the
manufactured accessory.

Figure 4.1: RSSI vs Distance with
CC2530EM.

with Friis transmission formula, Equation 4.1.


PRx = PT x GRx GT x

λ
4πR

2

r
⇒R=

PT x GRx GT x
PRx



λ
4π


(4.1)

The wavelength is calculated by dividing the speed of light with the frequency. The antenna
gain was extruded from the datasheet to 2 dBi. The transceivers highest sensitivity and
maximum output power for the transceiver are -97 dBm and 4.5 dBm respectively.
The calculations show that according to Friis transmission formula the range should be
around 1872m. Though this Equation, 4.1, doesn’t take any reflections from surrounding
environment in consideration. To get a more accurate result, empirical adjustments are
sometimes made to the basic Friis equation. Equation 4.2 is adjusted to mimic the conditions
of an urban environment. Where n is experimentally determined, typically in the range of
3 to 5.

PRx
= GRx GT x
PT x

 n
λ
⇒R= q
R
n

λ

(4.2)

PRx
PT x GRx GT x

With this formula and a n = 3 the range was calculated to be 411 m.

Practical mesh test
A practical test between three modules was also performed. This test was executed to verify the functionality of the modified software/hardware and show that the mesh network
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functions properly. The CC2530EMs from Texas Instrument were configured with the SampleSwitch app and as routers and so they relay messages. The self-made accessory was
configured with the SampleLight app and as a coordinator to establish the network.
The test were performed outside along a road in a suburban area. The distance between
the coordinator (light) and the first stationary router (switch) were increased in steps until
the light stopped toggling at every sent message, which happened around 85 m. The second router (switch), starting from the first stationary router, were then moved in steps in
the other direction, away from the coordinator, until the light on the coordinator stopped
toggling at every sent message. This distance also measured 85 m which in turn means that
the light could be toggled from a distance of 170 m with two hops in the mesh network
compared to 85 m with one hop. The setup of the test can be seen in Figure 4.3.

Figure 4.3: The setup of the practical test.

Power supply efficiency
The power supply was tested with a VIN of 12 V and with a load of 82 Ω. The load resistance
was calculated using Ohm’s law R = U/I ⇒ 3.3/0.04 = 82.5Ω to mimic the transceivers
current consumption at maximum transmission power. The output voltage was measured
with an oscilloscope which showed a stable voltage level at 3.35 V.
The efficiency of the power supply is calculated with Equation 4.3 to get a measurement
of the ratio between the output power and the input power. This was calculated for a few
different output currents, the result can be seen in Figure 4.4. Since the maximum power
consumption for the transceiver is around 40 mA the efficiency should be greatest around
this current. The efficiency around this point is about 86 %.

η=

Pout
∗ 100%
Pin

(4.3)

Power consumption
The total power consumption for the accessory is calculated by multiplying the measured
input current with the measured input voltage, P = Uin ∗ Iin . These calculations were done
multiple times while transmitting data at different output powers. The results from the
calculations can be seen in Figure 4.5.
The idle current consumption for the accessory was measured to be around 3.72 mA which
corresponds to 44.64 mW. From the transceivers datasheet the current consumption at 4.5
dBm is between 33.5 and 39.6 mA. Together with the mounted LED and it’s 270 Ohm
resistor the total current consumption is between 38.3 and 44.4 mA. This in turn means
that the power consumption of the transceiver is calculated to be between 126.4 to 146.5
mW. The total power consumption for the accessory is between 146.97 and 170.3 mW because
of the power supplies efficiency of 86 %. The calculations can be seen in Equation 4.4a and
Equation 4.4b.
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Figure 4.4: The efficiency of the power supply at different output currents.

Figure 4.5: The power consumption vs the output power of the transmission.

38.3mA ∗ 3.3V = 126.4mW
126.4
= 146.97mW
0.86

to 44.4mA ∗ 3.3V = 146.5mW
146.5
to
= 170.3mW
0.86
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(4.4a)
(4.4b)

5. Conclusion

5.1

Research question

Which wireless technologies are most commonly used in the surveillance segment?
There are several different protocols that can be used in the surveillance segment for different tasks. One of the more common protocols is Wi-Fi and it’s often used to stream video
because of it’s high bit rate. For sensors, especially battery-driven ones it’s more useful to
implement a low-powered protocol like 802.15.4.

Which network topology is a viable option and enables scaling of the camera/sensor network?
Since it was desirable to be able to expand the network with multiple sensors or cameras
without a central node, a mesh network will be best suited. The mesh-topology allows devices to join the network and thus covering a larger area.

Which wireless technology suits the project according to the requirements and
circumstances?
The wireless protocols are defined by various aspects such as frequency, topology, power
consumption and others. In this case it was very important that it had a low power consumption, a globally used frequency and a suitable topology(mesh). These aspects narrowed
it down to two final protocols, ZigBee and Z-wave.

Which frequencies are allowed to use globally?
There are different frequencies used in different parts of the globe. In north America and
Australia, for example, a widely used frequency is 915 MHz while in Europe the corresponding frequency is 868 MHz. 433 MHz is used in south Africa, Asia and are also available in
Europe and Australia. A frequency used jointly in all countries is 2.4 GHz. This frequency
is used by common protocols such as WiFi and Bluetooth but also ZigBee.

Is 0.6 W enough to supply the accessory?
The power consumption of the accessory was measured while it was transmitting and peaks
at 160 mW with an transmitting power of 4,5 dBm which compares well with the calculations
in Equation 4.4a and Equation 4.4b. This is well below the limit of 600 mW that the camera
can deliver. The power consumption can be reduced even further by increasing the efficiency
of the power supply circuit or using lower transmitting power.
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Which antenna type allows for simple integration into a proof-of-concept build?
In this stage of the development it was decided that a whip antenna would be the most
suitable fit. This choice was done due to the prioritization of performance instead of size
and cost.

What theoretical range will the accessory be capable of ?
The theoretical range of the accessory was calculated to 1872 m using Friis transmission
equation, Equation 4.1, for a receiver sensitivity of -97dBm. This value does not take into
account disturbances like noise and reflection from surrounding structures. However, using
the modified version of Friis transmission formula, the range is decreased to 411m which is
more reasonable and closer to reality.
Since the PER test showed a minimum RSSI of -85 dBm the theoretical range for this
sensitivity was also calculated for this value. With a receiver sensitivity of -85 dBm the
theoretical range was reduced to 444 m for the original Friis and 164 m for the adjusted version which seems like a more reasonable distance and is more comparable with the practical
range.

What is the practical line-of-sight range in a suburban/urban area?
To check the practical range of the CC2530EM and the manufactured accessory, PER tests
were performed at different distances and transmission powers. The results can be seen in
Table 4.1 and Figure 4.1 for the CC2530EM and Table 4.2 and Figure 4.2 for the manufactured accessory.
The PER test for the CC2530EM and the manufactured accessory differ in both signal
strength and the number of packages with errors. This variation is due to the poor quality
of the etched PCB, the layout, components and lastly the trace impedance matching between
the transceiver and the antenna.
The overall result is a factor of ambient noise, transmitting power, receiver sensitivity, surrounding structures/objects and range. The percentage for the PER can be decreased with
different methods like using packet re-transmission and adding a suitable power amplifier to
increase the transmission power.

5.2

Requirements check

General requirements
The accessory uses the ZigBee protocol and was made to work on the license free frequency
band of 2.4 GHz. The power consumption of the accessory peaks at 160 mW which is well
below the limit of 0.6 W.
Requirement: 1
Requirement: 2

Power consumption ≤ 0.6 W.
The accessory should work on a global license-free frequency band.

Subsystem 1: Power supply
The power supply was able to convert an input of 12 V into a stable output of 3.3 V. The
efficiency of the power supply can be seen in Figure 4.4 and is about 86 % around the desired
output current, this is a little low and an efficiency above 90 % was preferred. The efficiency
can be increased by choosing a regulator with specifications closer to our conditions, altering
the circuit design and by tuning the surrounding components. Another factor to the low
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efficiency can be the imperfect copper traces on the etched PCBs which contributes with
higher impedance.
Requirement: 3
Requirement: 4

Be able to provide 3.3 V.
Have an efficiency around 90 %

Subsystem 2: Micro controller
When researching transceivers it was discovered that the majority uses System on Chip(SoC).
This means that the chip includes both a transceiver and a micro controller. By using a
SoC, Subsystem 2 and Subsystem 3 were fused together.
Requirement: 5

Should be able to communicate with subsystem 3

Subsystem 3: Transceiver
The CC2530[35] was chosen as the transceiver chip for the project. It functions on 2.4 GHz
which is a licence free frequency band that can be used worldwide. The transceiver works on
the 802.15.4 standard which is considered to be a low powered wireless technology standard
and can be used with the ZigBee protocol.
Requirement: 6
Requirement: 7

Should function on a licence free frequency band
Use a low power wireless technology standard

Subsystem 4: Antenna
The chosen antenna, W1010[38], is a whip antenna that operates at the 2.4 GHz frequency
band. The whip antenna is non-directional which means that it radiates in an omnidirectional pattern.
Requirement: 8
Requirement: 9

5.3

Function on the same frequency as subsystem 3
Omnidirectional radiation pattern

Conclusion

The thesis ended in one standalone transceiver module, one voltage regulator module and
one combined transceiver and voltage regulator module. The circuits, layouts and physical
modules can be seen in Figure 1 through 7 in Appendix A. The transceivers are low-powered
wireless modules built around a CC2530 transceiver chip which uses the ZigBee protocol and
transmits at 2.4 GHz. To power the transceiver module, a separate voltage regulator circuit
was constructed to convert the incoming 12 V from the camera to 3.3 V that the transceiver
requires. The built accessory was tested with a PER test and compared with the bought
CC2530EM. With the two purchased modules and the manufactured one, a mesh network
with three nodes was established. Although the built accessory worked fine it was slightly
inferior to the CC2530EM. However, the accessory has room for a lot of improvements and
opportunities for further development. The software is based on example codes that followed
the Z-Stack 3.0.0. These example codes are based on an operating system which includes
an LCD display, menus and other peripherals. The final software used in the modules were
modified to circumvent the built in menus for the operating system so it could run on a
separate module without the development board.
Since the accessory should be used within the surveillance sector there are a lot of different
ethics and social aspects included. Although, these aspects are more associated with the
cameras that are being used and not with the designed accessory.
All components used in the accessory are lead free and are RoHS compliant which limits the
use of hazardous materials. The accessory runs without batteries since it uses the camera as
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a constant power source. As the accessory contains no consumables or hazardous metals, the
accessory has no major environmental impact except the low levels of radio wave emission.
The electronics in the accessory isn’t oriented towards any specific gender or race.
All in all the project was deemed as a success since the hardware functions properly and
a successful wireless link was established. The project has room for a lot of improvement
both hardware and software but this is left for further development of the accessory.

5.4

Discussion

Most products that uses the ZigBee protocol relies on batteries and therefore implements
the low powered network protocol together with sleep modes to save energy. The ZigBee
accessory created in this thesis uses the low powered protocol since its current consumption
is limited by the cameras output power. The constant connection to a stable power source
allows the accessory to stay in active mode to always be operable. This reduces latency
compared to battery driven transceivers which is delayed by their wake up time from sleep
mode. Since the accessory uses the ZigBee protocol it has the ability to join or form a mesh
network which allows the signals to jump from node to node. If a sensor sends a signal
to activate the camera through such nodes while they are in sleep mode, the delay could
prevent the camera from capturing the event. However this could be prevented by allowing
the camera to prerecord a certain amount of time before it starts. A disadvantages to the
wireless solution implemented in this thesis is that it could be more vulnerable to tampering
from a distant external source. This problem doesn’t exist with the current wired solution.

5.5

Further development

Since this is just designed as a proof-of-concept there are many different things that can be
done to further improve the accessory.
If this project were to continue, the power supply and transceiver would be redesigned and
the PCB would be ordered from a proper PCB manufacturer instead of being etched. The
transmission lines from the transceiver chip to the antenna would then also be impedancematched to reduce reflections resulting in less power loss. To further increase the range,
a power amplifier circuit can be added after the transceiver. For a lighter and more cost
efficient product, the whip antenna would be changed to a PCB-antenna. To make it easier
to connect to a network, a NFC-tag reader could be implemented. This would allow the
user to initiate the device directly into the network without the need to push a button or
start a device search on the coordinator. LEDs could be attached to indicate if the device
is connected to a network or if there are any errors, for a higher user friendliness. As it is
now, the module only has one crystal, 32 MHz. By adding a second 32.768 kHz the module
can run applications that requires very low sleep-current consumption and accurate wake-up
times.

5.6

Time and Budget

Time
The work was carried out during eleven weeks between 20/3 - 4/6. A full time table can be
seen in Appendix C.
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Budget
The Bill of Material for the project can be seen in Table 1 in Appendix D.
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Circuits and Layouts

Figure 1: The circuit for the voltage regulator.

Figure 2: The layout for the voltage regulator.
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Figure 3: The circuit for the transceiver.

Figure 4: The layout for the transceiver.
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Figure 5: The circuit for the combined voltage regulator and transceiver.

Figure 6: The layout for the combined voltage regulator and transceiver.
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Figure 7: The modules that have been made in the project, to the left is the standalone
transceiver-circuit, in the middle is the voltage regulator and to the right is the combined
transceiver and voltage regulator.

4

Requirements specification

System overview
Product description
A simple accessory to act as a wireless link between a sensor and a camera.

Specification
The requirements for the project will be specified as an agreement between Axis and the
project group.

Subsystems
1. Power supply
2. Micro controller
3. Transceiver
4. Antenna

Figure 8: The different subsystems
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Demarcation
Demarcation:
Demarcation:
Demarcation:
Demarcation:

1
2
3
4

Software/Programming.
Encapsulation.
Safety precautions.
IP-classification.

General requirements
Requirement: 1
Requirement: 2

Power consumption ≤ 0.6 W.
The accessory should work on a global license-free frequency band.

Subsystem 1: Power supply
Description of subsystem 1
Subsystem 1 should be an efficient power supply that provides the accessory with the correct,
smooth and regulated voltage.

Requirements for subsystem 1
Requirement: 3
Requirement: 4

Be able to provide 3,3 V.
Have an efficiency around 90%

Subsystem 2: Micro controller
Description of subsystem 2
The micro controller will provide a possibility to manipulate the data before transmitting
or after receiving.

Requirements for subsystem 2
Requirement: 5

Should be able to communicate with subsystem 3
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Subsystem 3: Transceiver
Description of subsystem 3
A transceiver chip for communication between two or more accessories.

Requirements for subsystem 3
Requirement: 6
Requirement: 7

Should function on a licence free frequency band
Use a low power wireless technology standard

Subsystem 4: Antenna
Description of subsystem 4
Subsystem 4 consists of an antenna.

Requirements for subsystem 4
Requirement: 8
Requirement: 9

Function on the same frequency as subsystem 3
Omnidirectional radiation pattern

3

Timeplan

Figure 9: Time table
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Bill of Material

Component:

Quantity:

CC2530DK
Antenna
SMA connector
TPS45302
L1
R1
R2
C1
C2
C3
C4
CC2530F256RHAR
XTAL1
C221, C231
C251, C261
C252, C262
C253
C401
L252, L261
R301
RLED
LED1
Connector female
Connector male

1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
1
1
2
1
1
1
4
2

Unit cost:
Cost:
Digikey.se
3 561,78
3 561,78
33,64
33,64
17,27
17,27
21
21
20,47
20,47
0,89
0,89
3,65
3,65
6,68
6,68
0,89
0,89
2,85
2,85
28,12
28,12
53,85
53,85
6,5
6,5
8,9
17,8
8,9
17,8
8,81
17,62
5,61
5,61
1,07
1,07
2,4
4,8
3,65
3,65
0,89
0,89
4,18
4,18
13,62
54,48
12,1
24,2
Total cost: 3909,42 SEK

Article number:
296-24577-ND
553-1471-ND
A97594-ND
296-44542-1-ND
732-1318-1-ND
541-100KCCT-ND
RG20P22KBCT-ND
445-14423-1-ND
478-3755-1-ND
399-7438-1-ND
P15459CT-ND
296-38899-1-ND
887-2632-1-ND
1284-1041-1-ND
1284-1024-1-ND
1284-1027-1-ND
399-6192-1-ND
399-1284-1-ND
712-1618-1-ND
P56KDACT-ND
RMCF0805JT200RCT-ND
L62401CT-ND
S7018-ND
3M9455-ND

Table 1: The Bill of Material for the project.
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