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Abstract: This White Paper investigates the Bluetooth Low Energy and Bluetooth Mesh wireless network 
standards, and how they are emerging as increasingly attractive options for smart lighting and building 
automation system designers, installers and users. 

It starts by establishing the Internet of Things (IoT) context on which these technologies are based, then traces 
their development from the original Bluetooth RS-232 cable replacement standard developed in the Nineties. 
It then focuses in on Bluetooth Mesh, explaining the key components of the technology before reviewing the 
benefits that they offer.

Finally, it discusses the Casambi range; an integrated set of software and hardware components that allow 
implementation of real systems that exploit the benefits of Bluetooth Mesh.
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Introduction
The Internet of Things, or IoT, is a futuristic and exciting concept – but it’s also an established and 
growing market, with key application areas that include home automation and smart buildings. A 
Bain & Company survey: ‘Unlocking Opportunities in the Internet of Things’ predicts that it will more 
than double its £178B 2017 value to about £394B in 2021 .  One trend is that customers are running 
more proof of concept projects and use cases than ever before; 60 percent of those surveyed in 2018, 
compared with fewer than 40 percent in 2016.

This is reflected within the smart building area, where leading manufacturers have announced long-
term product plans for lighting automation and control systems. With a 6.5x projected increase in 
annual shipments and a 46% CAGR through 2023, commercial building automation and security 
solutions are well positioned to see continual growth . This is boosted by interest in location services, 
from wayfinding and space utilisation to personalised promotions for better shopper experiences.

Nevertheless, the Bains survey notes, there are still barriers to IoT adoption that include security and 
ease of integration with existing information technology (IT) and operational technology (OT) systems.

This environment creates great opportunities for architects, designers, systems integrators and installers 
of smart lighting and related smart building systems. But how can they tap into the continuously 
evolving technologies offered by hardware and software manufacturers, and deliver the innovation 
that their customers are keen to benefit from, while addressing security and integration concerns? 

One approach that can bring far-reaching rewards is to consider the network underlying the smart 
system. All such systems must be based on a network, while the network’s design impacts all devices 
connected to it – whether they’re switches or sensors, or activated objects like luminaires, motors or 
even beacons. 

Accordingly, this white paper looks at one specific network standard; Bluetooth Low Energy, or BLE. 
BLE has a number of compelling advantages, not shared by other, more traditional networks, that 
make it an attractive option for smart system suppliers. To start with, BLE is the only low power wireless 
technology found in all modern smartphones, tablets and even smart watches, making it the only 
mainstream and future-proof low power radio technology in the world. 

This also means that no gateways are required to control lighting via BLE. This saves costs compared 
with networks like Zigbee and Wi-Fi that require gateway modules between the control device and the 
network. Further, BLE is more robust, and less prone to interference than other networks. Additionally, 
when implemented using Mesh topology, it eliminates single points of failure and becomes a self-
healing, more reliable network implementation. 

Another benefit of Mesh topology is that it allows for firmware updates to be distributed over the 
network, with each device carrying its own intelligence. Any unit can go offline, and catch up from 
others when it returns online. 

An Internet connection is not necessary for normal operation; it is only needed for user interface 
configurations to be sent or recalled from a cloud service. However, a cloud service provides 
considerable further utility. Sensor values can be passed through the network for diagnostics, analysis 
and further action. Grouping of multiple networks across an entire site can also be set up, allowing 
their management as a single entity.

Structure of the white paper
The white paper starts with a brief reminder of an IoT installation’s functionality and key components. 
This shows how a local area network such as Bluetooth or BLE can function as an IoT element as 
well as being part of a standalone smart system. Next, we focus in on Bluetooth, beginning with a 
review of how it has evolved from its original or classic form to Bluetooth 4.0 with its BLE and BR/
EDR radio versions. BLE’s various topologies, including Point to Point, Broadcast, and, above all, Mesh 
Networking are then discussed. Compatibility issues with BLE and classic Bluetooth are covered, and 
the further advantages of Bluetooth 5.0 are also touched upon.



4

From here, we dive further into Mesh Networking, as this is the topology that is enabling today’s smart 
lighting and other building automation systems. The basics of Mesh concepts such as Devices, Nodes, 
Elements, Messages and Addresses are addressed. We then see how these concepts translate into 
advantages for mesh-based systems.

Having explained the underlying technology, we look at Casambi, which is an industry leader in 
exploiting BLE Mesh for real world systems. We see how the various Casambi components, including 
EnOcean devices, can be adapted by systems suppliers to work with one another, and with switches, 
sensors, luminaires and other I/O devices, and operate as complete solutions. We also touch on how a 
Casambi network can interact with other lighting and control networks – KNX and DALI.

Finally, we explore the full extent of Casambi’s functionality, to show just what can be achieved with a 
modern smart lighting system, and how easily users can set up and run the scenarios that they want. We 
then ‘pan out’ to an imaginary office scenario where a comprehensive Bluetooth mesh network provides 
a complete, personalised and efficient environment that extends beyond lighting into wider building 
management.

Overview of IoT topology
If you want to offer your users a smart lighting scheme with the highest functionality currently available, 
you will be building it with IoT components and topology. We can understand this best by looking at 
a highly-functional lighting system, and then investigating how it is implemented as – or into – an IoT 
infrastructure.

Energy saving is always a hot topic. And, as lighting can create up to 40 per cent of a building’s 
electricity demand, any reduction in lighting will contribute significantly to overall energy savings and 
carbon footprint reduction. 

Smart schemes can achieve useful reductions through several techniques. Movement sensors can be 
used to turn on lights only in areas that are occupied. Daylight harvesting detects natural light levels, and 
adjusts artificial lighting accordingly. Also, light sources tend to be bright when new, then fade over time. 
Accordingly, savings are possible by dimming new lights to ‘maintained’ or desired lighting levels, then 
reducing the dimming as the lights deteriorate. Time control, based on office hours, or sunrise/sunset 
times, can also reduce unnecessary illumination.

Additionally, some users may want to implement schemes that change lighting intensity and/or colour 
throughout the day; there is some evidence that this enhances well-being by reinforcing circadian 
rhythms.

Fig.1: PIR motion detector
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However, the lighting system’s status has implications beyond its illumination levels. Its motion sensors 
provide occupancy information that can be used by other building systems, particularly for HVAC 
installations. This information can be used to minimise waste in room temperature and air conditioning 
settings, just as for lighting levels. Lighting can also be triggered by a lift system to illuminate a lobby 
when a lift arrives.

Additionally, feedback can be communicated from one or several such lighting systems to a central 
control area, elsewhere in the building or possibly at a remote site. Alerts can be provided about faulty 
luminaires or wiring for example, allowing repairs to be completed before receiving user complaints. 
Load shedding, in response to signals from generators, utility companies, or timers, can also be 
supported.

IoT implementation: We can refer to the generic IoT model of Fig.2 to see how our smart lighting 
system is operating as an IoT implementation. The ‘Things’ layer comprises sensors such as motion 
detectors, light sensors, timers, switches and dimmers. It also includes the luminaires, and possibly other 
devices like blinds, as the actuators. 

All these devices have visibility and are interconnected to one another by a network. Possibilities include 
DALI, KNX, ZigBee, Wi-Fi, or, as we shall see, Bluetooth. Edge computing refers to local intelligence that 
can integrate sensor inputs with desired control scenarios and adjust lighting settings accordingly. 

Communications with other systems such as the HVAC installation, central control or other cloud-based 
computing, storage and data analysis facility are channelled through the Gateway and onto the Internet 
through a cellular or cabled connection.

Some important points: Although the above generic model includes an edge computing function 
as a single point within the ‘things’ local area network, the BLE mesh network option described later 
uses a different approach. Instead of a single edge computing facility, the intelligence of the system is 
replicated in every node (sensor or actuator) – creating a resilient system with no single point of failure.

Additionally, if connection to the Internet is considered undesirable for security or other concerns, we will 
see that BLE installations can be set up without a permanent Internet connection. Temporary access only 
is used, to allow user interface configurations to be sent or recalled via a cloud service.

Fig.2: Generic IoT architecture
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Bluetooth wireless evolution
From the above, we can see how smart lighting and building automation systems are essentially IoT 
implementations – but how does this relate to Bluetooth? After all, Bluetooth’s reputation – in its Classic 
form - has been built on its ability to handle continuous, high-volume streams of video, audio or data. 
Bluetooth headphones are a perfect example of a classic Bluetooth device.

The answer lies in the emergence of Bluetooth Low Energy (Bluetooth LE or BLE). BLE is ideal for 
connecting products that only need to transfer small amounts of data periodically, rather than streaming 
data continuously. 

The sensors and actuators found in the IoT applications we have been discussing fit this category 
perfectly. Accordingly, we now explain the evolution of Bluetooth from its original form into the BLE 
options that are available today. We then review the benefits of Bluetooth Low Energy, especially Mesh, 
for smart lighting and building automation networks.

Bluetooth was originally conceived as a wireless alternative to RS-232 data cables, and is managed by 
the Bluetooth Special Interest Group (SIG). It has evolved through revisions 1.0, 1.2, 2.0, 2.1, 3.0, 4.0, 
4.1 and 4.2, and is currently at 5.

Version 2 abolished radio frequency interference using frequency hopping, and provided security 
against snooping and tracking. It also improved on 1.2 with both higher connection speed and lower 
power consumption. 

Version 2.1, released in 2007, provided more data transmission security, further reduction in power 
consumption and an improved pairing system which did not require any PIN. In 2009, Bluetooth 3.0 
introduced Wi-Fi connection capability, allowing faster data transmission. Then, the appearance of 4.0 
introduced Bluetooth’s two current flavours of Basic Rate/Enhanced Data Rate (BR/EDR) and Bluetooth 
Low Energy (also called Bluetooth 4.0+, Bluetooth Smart or simply BLE).

Bluetooth BR/EDR allows continuous wireless connection and uses a point to point (P2P) network 
topology in establishing one-to-one (1:1) device communications. BR/EDR is designed for low power 
operation and also leverages a robust Adaptive Frequency Hopping approach, transmitting data over 
79 channels. The Bluetooth BR/EDR radio includes multiple PHY (physical layer) options that support 
data rates from 1 Mb/s to 3 Mb/s, and supports multiple power levels, from 1mW to 100 mW, as 
well as multiple security options. BR/EDR is optimised for audio streaming and widely used in wireless 
speakers, headsets and hands-free in-car systems.

Bluetooth Low Energy (BLE) is regarded as a gamechanger for Bluetooth. Designed for very low power 
operation, it launched the concept of Low Energy and associated functionality. These features meant 
that Bluetooth LE, unlike previous Bluetooth revisions, could be designed into many types of IoT sensors, 
including remote devices relying on coin cells or energy-harvesting. 

To enable reliable operation in the 2.4 GHz frequency band, it leverages a robust frequency-hopping 
spread spectrum approach that transmits data over 40 channels. The Bluetooth LE radio provides 
developers with tremendous flexibility, including multiple PHY options that support data rates from 125 
Kb/s to 2 Mb/s, multiple power levels, from 1mW to 100 mW, as well as multiple security options up 
to government grade.

Bluetooth LE also supports multiple network topologies, including point-to-point, broadcast and mesh.

BLE’s point-to-point topology is optimised for data transfer and is well suited for connected device 
products, such as fitness trackers, health monitors, and PC peripherals and accessories. 

The broadcast topology available on Bluetooth LE is optimised for localised information sharing and is 
ideal for location services such as retail point-of-interest information, indoor navigation and wayfinding, 
as well as item and asset tracking.

Mesh is a network topology used for establishing many-to-many (m:m) device communications. The 
mesh topology available on Bluetooth LE enables the creation of large-scale device networks and is 
ideally suited for control, monitoring, and automation systems where tens, hundreds, or thousands of 
devices need to reliably and securely communicate with one another.
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Fig.3: LED lighting node with three elements

Further enhancements have been realised through the release of Bluetooth 
5.0 and 5.1.

Introduced in December 2016, 5.0 brought a doubling in speed, a range extension of up 
to four times, and an eight-fold increase in payload size for adverts that can now be sent on data 
channels. 

In January 2019, the Bluetooth Special Interest Group (SIG) announced a new direction finding 
feature within Bluetooth 5.1 that enhances the performance of location services. 

Compatibility: Bluetooth Low Energy is not backward-compatible with the BR/EDR protocol. The 
Bluetooth 4.0 specification permits devices to implement either or both of the LE and BR/EDR systems.

Bluetooth Low Energy uses the same 2.4 GHz radio frequencies as BR/EDR, which allows dual-mode 
devices to share a single radio antenna. BLE does, however, use a simpler modulation system.

Bluetooth Mesh Network
This section is based on the Bluetooth SIG publication: ‘Bluetooth mesh networking’. The full publication 
is available here.

In a simple point-to-point network, known in Bluetooth terms as a piconet, one device can engage 
in one-to-one communications with another; for example, a smartphone can connect to a heart rate 
monitor. Additionally, Bluetooth allows one device to have multiple connections – the smartphone could 
also link to an activity tracker. However, while the smartphone can communicate with both devices, 
they cannot talk directly to each other.

By contrast, a mesh network has many-to-many topology, where each device can communicate with 
every other device on the mesh. Communication is achieved using messages, and devices can relay 
messages to other devices so that the end-to-end communication range is extended far beyond the 
radio range of each individual node. The network also becomes resilient and self-healing, because 
communications can flow through multiple paths.

Terminology: Devices within a mesh network are called nodes, while those that are not are called 
‘unprovisioned devices’. Provisioning a device is necessary, to make it part of a mesh network, and 
controllable by other devices such as light switches and dimmers. Provisioning a device also assigns it 
a set of encryption keys, and makes it visible to the Provisioner device – usually a smartphone or tablet.

Some nodes have multiple constituent parts, each of which can be independently controlled; these 
parts are known as elements. Fig.3 shows a Bluetooth lighting node with three elements.

Nodes interrogate or control other nodes across the network using messages. Many message types are 
defined, each with their own, unique opcode. Messages must be sent from and to an address; three 
address types are defined within the Bluetooth mesh.
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A unicast address defines a single element, while a group address is a multicast address which represents 
one or more elements. A virtual address may be assigned to one or more elements, spanning one or more 
nodes. Virtual addresses will likely be preconfigured at the point of manufacture and be used for scenarios 
such as allowing the easy addressing of all meeting room projectors made by a specific manufacturer.

The act of sending a message is known as publishing. Nodes are configured to select messages sent to 
specific addresses for processing, and this is known as subscribing. Typically, messages are addressed to 
group or virtual addresses. Group and virtual address names will have readily understood meaning to the 
end user, making them easy and intuitive to use.

In Figure 4, below, we can see that the node “Switch 1” is publishing to group address Kitchen. Nodes 
Light 1, Light 2, and Light 3 each subscribe to the Kitchen address and therefore receive and process 
messages published to this address. In other words, Light 1, Light 2, and Light 3 can be switched on or 
off using Switch 1. Switch 2 publishes to the group address Dining Room. Light 3 alone subscribes to this 
address and so is the only light controlled by Switch 2. 

Note that this example also illustrates the fact that nodes may subscribe to messages addressed to more 
than one distinct address. This is both powerful and flexible. Similarly, notice how both nodes Switch 
5 and Switch 6 publish to the same Garden address. The use of group and virtual addresses with the 
publish/ subscribe communication model has an additional, substantial benefit in that removing, replacing 
or adding new nodes to the network does not require reconfiguration of other nodes.

Elements can be in various conditions; these are represented in Bluetooth mesh by the concept of state 
values. A state is a value of a certain type, contained within an element. As well as values, States also 
have associated behaviours and may not be reused in other contexts. As an example, consider a simple 
light which may either be on or off. Bluetooth mesh defines a state called Generic OnOff. The light would 
possess this state item and a value of On would correspond to and cause the light to be illuminated 
whereas a Generic OnOff state value of Off would reflect and cause the light to be switched off. 

Properties are similar to states in that they contain values relating to an element. But they are significantly 
different to states in other ways. Bluetooth LE defines characteristics as data types with no defined 
behaviours associated with them, making them reusable across different contexts. A property provides the 
context for interpreting a characteristic.

To appreciate the significance and use of contexts as they relate to properties, consider for example, the 
characteristic Temperature 8, an 8-bit temperature state type which has a number of associated properties, 
including Present Indoor Ambient Temperature and Present Outdoor Ambient Temperature. These two 
properties allow a sensor to publish sensor readings in a way that allows a receiving client to determine 
the context the temperature value has, making better sense of its true meaning. 

Subscribe

Publish

Kitchen Hallway Bedroom GardenDining Room

Fig.4: Publishing and subscribing in a mesh network
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Properties are organized into two categories: Manufacturer, which is a read-only category and Admin 
which allows read-write access.

State Transitions:  Changes from one state to another are called state transitions. Transitions may 
be instantaneous or execute over a period of time called the transition time. A state transition is likely to 
have an effect on the application layer behaviour of a node. 

Bound States: Relationships may exist between states whereby a change in one triggers a change 
in the other. Such a relationship is called a state binding. One state may be bound to multiple other 
states.

For example, consider a light controlled by a dimmer switch. The light would possess the two states, 
Generic OnOff and Generic Level with each bound to the other. Reducing the brightness of the light 
until Generic Level has a value of zero (fully dimmed) results in Generic OnOff transitioning from On to 
Off.

Models: Models pull the preceding concepts together and define some or all of the functionality of an 
element as it relates to the mesh network. Three categories of model are recognised.

A server model defines a collection of states, state transitions, state bindings and messages which the 
element containing the model may send or receive. It also defines behaviours relating to messages, 
states and state transitions.

A client model does not define any states. Instead, it defines the messages which it may send or 
receive in order to control or interrogate states defined in the corresponding server model.

Control models contain both a server model, allowing communication with other client models and a 
client model which allows communication with server models.

Generics: It is recognised that many different types of device often have semantically equivalent 
states, as exemplified by the simple idea of ON vs OFF. Consider lights, fans and power sockets, all of 
which can be switched on or turned off. Consequently, the Bluetooth mesh model specification defines 
a series of reusable, generic states such as, for example, Generic OnOff and Generic Level.

Similarly, a series of generic messages that operate on the generic states are defined. Generics allow a 
wide range of device types to support Bluetooth mesh without the need to create new models.

Scenes: A scene is a stored collection of states which may be recalled and made current by the 
receipt of a special type of message or at a specified time. Scenes are identified by a 16-bit Scene 
Number, which is unique within the mesh network. Scenes allow a series of nodes to be set to a given 
set of previously stored, complementary states in one coordinated action.

Imagine that in the evening, you like the temperature in your main family room to be 20 degrees 
Celsius, the six LED downlights to be at a certain brightness level and the lamp in the corner of the 
room on the table, set to a pleasant warm yellow hue. Having manually set the various nodes 
in this example scenario to these states, you can store them as a scene using a configuration 
application, and recall the scene later on, either on demand by sending an appropriate, 
scene-related mesh message or automatically at a scheduled time.
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Bluetooth mesh benefits

Now that we’ve been introduced to the Bluetooth mesh components, we can look at the benefits they bring.

Why a Bluetooth mesh network is so resilient and efficient

A network which uses Wi-Fi is based around a central network node called a router, and all network traffic 
passes through it. If the router is unavailable, the whole network becomes unavailable. 

By contrast, Bluetooth mesh uses a technique known as managed flooding to deliver messages. Messages, 
when published by a node, are broadcast rather than being routed directly to one or more specific nodes. 
All nodes receive all messages from nodes that are in direct radio range and, if configured to do so, will 
then relay received messages. Relaying involves broadcasting the received message again, so that other 
nodes, more distant from the originating node, might receive the message broadcast.

An important consequence of Bluetooth technology’s use of managed flooding is that messages arrive 
at their destination via multiple paths through the network. If one node fails, another path can be found. 
This makes for a highly reliable network and is the primary reason why Bluetooth mesh networking uses a 
flooding approach rather than routing.

This approach optimises the network’s operation so that it is both reliable and efficient.

Why a Bluetooth mesh network is so highly secure

In Bluetooth mesh, security is mandatory. The network, individual applications and devices are all secure 
and this cannot be switched off or reduced in any way.

The following fundamental security statements apply to all Bluetooth mesh networks: 

1. All mesh messages are encrypted and authenticated. 

2. Network security, application security and device security are addressed independently. 

3. Security keys can be changed during the life of the mesh network via a Key Refresh procedure. 

4. Message obfuscation makes it difficult to track messages sent within the network providing a privacy  
    mechanism to make it difficult to track nodes. 

5. Mesh security protects the network against replay attacks. 

6. The process by which devices are added to the mesh network to become nodes, is itself a  
    secure process. 

7. Nodes can be removed from the network securely, in a way that prevents trashcan attacks.

No gateways, and direct connection to smart devices

We have seen how BLE achieves resilience through using mesh topology. Additionally, the standard 
has been built into smartphones and tablets since early 2012; this allows users to control BLE-enabled 
luminaires and actuators directly from such devices. 

This makes BLE-based systems simpler,  more cost effective and more reliable than other wireless 
technologies like Wi-Fi or ZigBee, which require a gateway between the controller and the network – extra 
expense, and a single point of failure. Additionally, two networks are typically involved – ZigBee to control 
the installation, and Wi-Fi to communicate with a smartphone or tablet user interface.

Fig. 5 illustrates BLE’s topology advantages.
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Fig.5: BLE vs Wi-Fi/ZigBee topologies

BLE solves interference issues

ZigBee and Wi-Fi use fixed frequency Direct Sequence Spread Spectrum (DSSS) communications; when 
Wi-Fi and ZigBee networks share a channel, they usually interfere with one another.

BLE operates differently. It uses Frequency Hopping Spread Spectrum (FHSS) which means it hops 
between channels to counteract interference problems.

BLE supports beacons and proximity sensing

Unlike ZigBee or Wi-Fi, BLE supports beacon technology. This enables location awareness and actions 
based on proximity estimations. Accordingly, a beacon establishes a region around it and understands 
when a beacon receiving device has entered or left this region. A device entering the region can 
determine if it wants to receive the information sent to it or not. 

Beacon transmitters can be placed anywhere, but it is logical to install them inside luminaires. Luminaires 
cover the whole area people move around, in and already have a power supply.

Protection for historic buildings

BLE is a wireless technology. Additionally, some implementations, like Casambi as discussed below, use 
battery-powered user interfaces, or energy-harvesting technology in items such as EnOcean ‘Easyfit’ light 
switches, to eliminate power wiring. This means that innovative building automation and smart lighting 
systems can be installed into protected historic buildings and hard-to-access areas without structural or 
cosmetic damage.

Casambi – a practical implementation of BLE
So far, we have discussed the concepts of BLE, particularly its mesh version, and the benefits they offer 
to designers, installers and users. Now, we show how it can perform in the real world; we do so by 
investigating Casambi, which integrates BLE technology into an innovative lighting control solution.

Casambi allows mobile phones and other smart devices to communicate directly with luminaires and 
other devices, rather than through a gateway. Luminaires can also communicate with one another.

Casambi was founded by engineers who previously worked at the Nokia Research Centre, where BLE 
was developed. This gave Casambi the advantage of early entry into the BLE market.

Below, we describe Casambi’s ecosystem firstly in terms of its component types, and then by its 
functionality. Finally, we look at its IoT connectivity.
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Fig.6: Xpress wireless user interface

Casambi components

App

Casambi provides an app which users can download for free onto both iOS and Android devices. It functions 
as a commissioning tool, user interface and remote gateway. 

The user interface is designed so that anyone, regardless of technical proficiency, can employ it. The 
Casambi lighting control technology allows Casambi’s partners to implement and develop anything needed 
for a full featured lighting control system, but the app’s user interface only shows the functionality relevant 
to a particular installation. Therefore, the Casambi app is equally well suited to the professional lighting 
market and the residential field.

User interfaces

The app, which can run on tablets, smartphones and smartwatches, is the most comprehensive user 
interface available. Additionally, though, many other user interfaces, including traditional wall switches, 
pushbuttons, dimmers, Casambi’s own scene controllers and many other control points can be used.

Xpress, for example, is a battery-operated wireless user interface requiring no installation cabling. With four 
target buttons, users can control a scene or an animation – or one luminaire, a luminaire group or all lamps 
together if desired. Dimming, colour temperature and direct/indirect lighting ratios are all controllable.

The Casambi Bluetooth module and customisable software allows Casambi partners to develop their own 
user interfaces for a Casambi lighting control system. All partner products are compatible with one another 
as well as with all Casambi’s native products.

Sensors and actuators

Sensors are available for detection of light levels and occupancy/motion, as well as power meters. Apart 
from luminaires, roller shutters, blinds, awnings or other devices can be controlled by dedicated devices or 
relay modules.

Luminaires

Casambi technology works with any manufacturer’s existing luminaires or already-installed wall switches. 
It can also be easily integrated into LED drivers, LED bulbs or LED modules, creating an optimal solution in 
terms of ease of installation and functionality with minimal additional hardware and deployment costs.

Interfacing to other networks

Casambi offers BLE-controllable modules that interface to other popular networks and network devices, 
including DALI and KNX.

Gateway

Although the BLE-based Casambi network can operate without external IoT control, an IoT connection is 
often desirable to allow linking to other lighting networks, or other building control systems such as for 
HVAC. Alternatively, connection to cloud-based computing facilities may be desirable for remote monitoring, 
maintenance and analysis functions.

Gateways providing 3G/4G or 802.11n Wi-Fi connectivity are available.
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Casambi functionality

Fig.7 summarises the scope of Casambi lighting control functionality.

The Gallery feature makes control highly intuitive. Users can take a photo of the space, or upload 
a floorplan to the app, and mark the luminaires’ positions. These images, with luminaire positions 
shown, become visible within a gallery. Users simply tap the ones they want to control.  

Grouping luminaires is easy, and gesture controlled within the Casambi app. After grouping, all the 
luminaires in a group can be controlled together, or luminaires can be controlled individually.

Different lighting scenes for various occasions can be created. It is possible to control multiple 
luminaires with one tap to create the required ambience for different occasions and needs. One 
luminaire can be used in several scenes.

Animations are dynamic scenes, where the lighting fades from one scene to another. Animations 
can be recalled to cycle through different lighting situations once or they can be set on repeat. The 
duration of each scene and the fade times between them can be set.

Casambi offers a comprehensive colour controlling possibility. A luminaire manufacturer can define 
the limits of the Casambi Ready luminaire colour range beforehand. A user can then change the colour 
in a simple manner from the app and also save their favourite colours in a colour palette. Colour 
temperatures can be similarly defined and controlled.

Fig.7: Casambi lighting control functionality

Casambi supports daylight harvesting. This involves measuring daylight illuminance levels and dimming 
the artificial lights accordingly, to achieve maximum lighting quality while reducing energy consumption.

Daylight sensors may be standalone or integrated into luminaires.

Occupancy: Casambi supports movement sensors as well as overlapping movement sensor information. 
Motion sensors can save energy by only allowing lighting when it is actually needed.

The Casambi control hierarchy allows co-operation between manual lighting controls (the app, switches 
and push buttons) and automated lighting schemes (sensors and timers) allowing different override 
types, and modifying the lighting control solution to fit all desired control logic.

With the calendar and timer functionality, scenes and animations can be turned on and off based on 
convenient times, dates or certain weekdays to fit users’ needs, seasons and different activities. All the 
Casambi units keeps track of time.

Casambi units can calculate local sunrise and sunset times, provided that the network’s timezone and 
location are set. When the location is requested the application temporarily uses GPS to retrieve the 
current location of the mobile device.

The Casambi system is scalable and is equally well suited for small one-room solutions or big building 
complexes. The Casambi solution is network-based, and an unlimited number of networks can be 
created. Casambi also offers the possibility of turning on and off several networks at the same time, or 
initiating scenes that combine luminaires across networks. 
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The Casambi devices have inbuilt intelligence. This intelligence is replicated in each node leaving no 
single point of failure. The system itself is self-organising and in constant synchronisation. In this type 
of fully distributed and symmetric architecture any unit can go offline and catch up from others when it 
returns online.

Custom Elements is a functionality that allows Casambi partners to develop unique, company-specific 
features and products within the Casambi ecosystem. Such products could be controlling blinds, curtains, 
doors, or any relay-equipped gadgets that our imagination allows us, like table height or even a coffee 
maker. This functionality also permits control of luminaires with motors.

Fixture parameters are manufacture-specific data about individual luminaires. Examples of parameters 
could be LED versions, current consumption, driver version, dimming curve or temperatures. These 
parameters can be read on demand and also changed from the app by simply writing a new value and 
sending it.

Casambi has integrated Apple’s iBeacon location awareness technology into all of their products, 
therefore any Casambi node can work as a iBeacon sender, with no additional investment needed.

Casambi IoT functionality 

Although IoT connectivity is not required for Casambi network operation, it is desirable for many reasons. 

Software maintenance and updating, and upgrading for new devices and protocols, can be performed 
over the air after installation – a critical requirement for modern, complex software-based systems. This 
includes all Casambi software components, firmware inside LED-drivers, mobile applications for Apple 
and Android devices and Casambi’s 24/7 cloud service.

Additionally, sensor values and diagnostics can be sent through the Casambi network to the cloud and 
back.

Sensor values could be anything measurable like illuminance, humidity, carbon dioxide, wind, colour 
temperature, how many people have passed a certain place, a specific status or time interval that has 
passed after an event. 

The collected data can be used for analysis and business purposes.

Role of the Casambi Cloud: The Casambi cloud acts as a central point for managing configurations and 
sharing access to networks.

Networks can be shared to the cloud so that they can be used and configured from multiple mobile 
devices. When sharing, it is possible to select between various access modes that suit different 
situations.

When managing larger installations, it is also possible to use a site system that allows grouping multiple 
networks together into a single ‘site’. The access rights to an individual network or ‘site’ are shared 
though user accounts. The ‘site’ system requires that either Bluetooth or Internet access is available to 
associated networks.

Users can customise and fine-tune the behaviour of the Casambi solution and products to fit their 
purpose. This includes changing the branding, such as names and icons, and technical settings. These 
profiles are distributed to mobile devices and units from the cloud.

The cloud also allows access to a network to be shared over the Internet. This requires a gateway service 
to be set up in the network. A gateway is formed on a single mobile device running the Casambi App. 
Through the gateway, other devices with proper network credentials can control and configure the 
luminaires from any location.

The gateway is used to relay collected sensor data to the cloud for aggregation and storage. These data 
points can be queried by a third party service later for further analysis and action.
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The implications of BLE – a day in the life
The functionality of a BLE-based system like Casambi can make profound and futuristic differences to our 
working and home lives. This is highlighted by a scenario described in the Bluetooth SIG’s ‘Bluetooth mesh 
networking’ document :

“Imagine arriving at the office in your car, early one dark, winter morning. The security system lets you 
in and a parking bay is automatically allocated to you. The bay number over the parking space lights up 
so you can drive easily to it. The parking bay allocation system is updated to note that this space is now 
occupied. 

Entering the building, occupancy sensors note your arrival and identify you from the wearable technology 
about your person. You take the elevator to the second floor and exit. You’re the first to arrive, as usual. As 
the lift doors open, the lights from the elevator to your office and the kitchen come on. Coffee is deemed 
of strategic significance in your company! 

Other areas are left in darkness to save power. You walk to your office and enter, closing the door behind 
you. The LED downlights and your desk lamp are already on and at exactly the level you prefer. You 
notice the temperature is a little warmer than the main office space, reflecting your personal preference. 
Proximity with your computer automatically logs you in. Your day started well, with the building 
responding to your needs, considering your preferences. It’s clear that systems are being used efficiently.”

Conclusion
In BLE-enabled scenarios like these, users benefit from work environments that have become 
personalised, boosting individuals’ well being and productivity. The company saves money on electricity 
and heating; maintenance costs are also reduced as adding items like extra light switches no longer 
requires expensive and disruptive physical wiring. 

Data is allowing the building management team to learn about the building, its services and how people 
act within it. They can use this data to optimise the smart building systems’ performance.

Installers can offer much faster, more flexible and more cost-effective solutions. Systems can be planned, 
fitted and commissioned without needing technical specialists, yet the technology is sophisticated enough 
to support complex, large-scale implementations.

Designers can introduce ‘human-centric’ lighting, tuning the tone and brightness of light at different times 
of day to keep people happy, focused and alert. Lighting installations can change for morning, afternoon 
and evening, or even follow each day’s sunrise and sunset.

To speak with our sales team, call +44 (0) 118 9408 739  
or email: enquiries@sunpower-uk.com or visit: www.sunpower-uk
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