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1 GUIDE FOR "SMART HOUSES"

The guide is inteded for the presentation of "smart houses" or intelligent installations to all
those who are planning a new building or renovating an old one because they would like to
have a smart one and those who are simple curious and interested in what it means to have a
"smart house".

You will learn a lot of insider information that intelligent installation planners might keep
from you.

You will learn interesting stories about smart houses and some very cool things you can
achieve with them. To get started, watch the two videos on the following website:
http://proknx.com/en/product/realknx-en/.

I don’t want to weigh you down with technical terms, so the content is deliberately simple
and I hope it’s interesting so you don’t get bored or fall asleep while reading.

I will show you what you can expect from a "smart house" if you use only its basical
functions, without delving into the intelligent system itself and its more advanced functions.
I wish you could get a sense of what it would be like to live with intelligent installations in a
smart home and what is the difference compared to conventional electrical installations.

Let’s see how your home with intelligent installations could be better at than the one you live
in now.
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A "smart house" is actually an organized system of electrical devices that connects and
manages lighting, heating, air conditioning, ventilation, electric blinds, technical control of
the home, alarm system, audio and video system, call devices, energy control, presence,
closing roof windows (in case of rain), alarm (in case of unwanted water spillage), breaking
glass on windows, controlling the opening of windows and doors, last but not least a
simulation of presence during the holidays and I could go on and on.
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Figure 1: Rain, wind and temperature sensor from Berker

From now on, the "smart house" will no longer be in quotes. Why not. First of all, we must
be aware that neither the installation nor the house itself is smart or intelligent, as it has not
programmed itself and also does not learn on its own from its mistakes and does not correct
them. It would be most correct to call it programmed. However, because a smart or intelligent
installation sounds much better and, as far as marketing is concerned, this term can be traced
in all media.

You will learn about possible ways to control the switches to turn on the lights, switches to
change the intensity of light - dimming, LCD touch screens, thermostats and other types of
controls such as coding switches for alarm, motion sensors, light sensors, temperature
sensors, door and window openings sensors ...

Figure 2:Motion and light sensor from Zennio
Figure 3: LCD touch screen from Berker

Each of us probably already has one or more systems at home that allow us to have a more
enjoyable stay. Can we therefore already say that our home is smart? Let's answer this
question. Because of the different systems we use at home, we need to get to know each one
individually. As you may know, none of the systems in your home provide an easy and
friendly way to connect to other systems or even the ability to communicate with each other.
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On the contrary, intelligent installations in a smart home connect these different systems with
each other and thus allow them to communicate with each other, which brings many useful
advantages. You will realize how many additional benefits an intelligent system brings to a
smart home owner.
With the intelligent installation in the smart house, we get one system for everything, which
represents a new generation of home management and is the most modern way of managing
the home and surroundings.

If you want everything to work as it should, you need a system that runs like clockwork. You
can find many different smart systems on the market, but at the moment there is no better
home management system on the market than the KNX system.
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The KNX system is a control system or if you want a mind that manages a smart house. The
KNX system is recognized as the best smart home management system in the world or as we
often hear with intelligent installations. Among others, it can be found e.g. at Heathrow
Airport

● http://www.heathrow.com/, in 5. and 6. Star hotels,

● http://www.zennio.com/references/hotels, luxury yachts

● https://www.eibmarkt.de/en/yacht-automation-knx.html and many more.

There is one thing that sets the KNX system apart from other systems and that is open
protocol. I promised not to bother you with technical jargon so just briefly what this means
for you as a user.

There is no single manufacturer in the world that produces KNX elements. Today, more than
419 manufacturers are registered https://www.knx.org/knx-en/index.php, which together
produce more than 7,000 different KNX elements. This number of manufacturers ensures a
100 percent supply of KNX elements throughout the life of your home. 419 manufacturers
can’t fail overnight.

Other smart home systems rely only on their own production of elements (yes, not all of
them), so they can fail faster and thus interrupt the supply of spare parts to your system,
which of course is not good.

There are more than 70631 registered KNX partners in the world, and these are the people
who design and program KNX systems. And the number is growing day by day. If ten years
ago it was possible to list designers and contractors of KNX systems in Slovenia on the
fingers of one hand, today there are dozens of them.
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This means that you can have the entire life of your home without worrying about any spare
parts and service needed for your smart home. No other system can provide such long
support.
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The KNX system is a great choice for a smart home. Unlike other systems, its main task for
the user is how easy is it to use. If you are not a technology freak and the latest technology
devices cause you headaches rather than not, then the KNX system is definitely the system
for you. Even though your home will be full of technology, all the demanding processes will
take place in the background without you noticing them at all.

The system is very easy to use and practically works on its own. With it, you can manage
everything you’ve ever wanted (or dared to think) within your four walls, such as:

● lighting - on / off, dimming, RGB colors, LED lamps, reduced lighting at night,
outdoor ambient lighting,

● heating - temperature control for each room separately or for all rooms together,
● blinds - operation for each room separately or for the whole building together,

protection against damage due to frost,
● outdoor awnings - touch control, protection against damage with a wind sensor,

protection against frost damage,
● alarm - lighting and heating sensors can also be used for alarm,
● smartphone and tablet applications - manage virtually anywhere,
● and much, much more ...
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Let's get to know this system a little more, so let's watch the following video:
https://youtu.be/RkBuLLlCi_o
Video 1: Operating the blinds with LCD display
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Like most men, I’m not one of those people who would quickly gave up once I start
something. I also don’t like to ask for direction, or help with things. You can easily say that I
am stubborn or (too) proud.
Anyway, the very thought of picking up a user manual (RTFM) to learn how to do something
only comes to mind when all other options have been exhausted and I am just about to ...
Don't you dare offer me help in this casses, BECAUSE I CAN DO IT ALONE !!!

What I want to say. Life today is so fast that we don’t have time to go through the instructions
page after page, just to learn how to turn on the light.

You will realize that the buttons on KNX switches can be equipped with such logical symbols
that you will immediately know how to operate your smart home and understand what should
happen if you press that button.
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Over the years, electrical designers made projects for homeowners who wanted to have e.g.
underfloor heating of a specific brand. The reason was mostly that the seller sold several
items in the package to the owner, and this also included control and management. You know
that, if you buy this and that (underfloor heating) from us, then you get this and that (control
system) for only that much.

Many owners anticipated that without this control heating system they would not be able to
use it and I doubt the seller explained otherwise to them as they could lose the commission
they would get on successfully selling the underfloor heating and heating control system in a
package.
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Don’t get me wrong, probably the heating control system you bought in the heated system
package is perfectly capable of managing the heating and as such it lacks nothing.

My only opinion is that it is not necessary to have two (or more) separate control systems at
home if you could only have one and manage both (all) systems. Thus, the owner has to deal
with the operation of two different control systems, instead of just one.

When using the KNX system, these problems are avoided. Because you only need to know
one system that is user-friendly by the way, you will be able to manage all the systems in
your home in the easiest way possible. You will also be able to use many other really cool
features provided by the KNX system, not to mention the envy you will arouse in your
friends. But more on that later.

Are you already wondering just how you could have lived without it!

As you may remember (or not), some of you just don't know that years ago it was necessary
to get up, walk to the TV and change the volume there or select the desired channel and then
sit down again. Every time you wanted to increase or decrease the volume or move the
channel you had to get up. Today, we can no longer even imagine that this would be the case.
Many would not even watch television anymore if we took away their remotes. Which isn’t
so bad at all, come to think of it. Well, young people already watch very little of TV because
of the internet and smartphones.
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If you add a presence sensor and a timer to your home, your home will operate, so to speak,
on autopilot. So as energy efficient as it can be. In this way, the KNX system begins to pay
for itself.

Figure 4: Motion and light sensor from Zennio

It is true that you will not receive a certain amount of money transferred to your current
account every month. But because you have suddenly become more economical in heating
and lighting, because only what is really needed is turned on at all times and nothing more,
you can save on energy consumption.

Figure 5: Measuring electricity consumption from Zennio

If you subtract this from the bill for all the energy consumed and multiply it by the number of
years you plan to spend in your home, you will become a winner.

The best part about this is that you DON'T NEED TO DO ANYTHING!
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The system works on its own at maximum efficiency all the time, without you having to think
about it or do anything. I personally don’t belong to a group of people walking around and
hugging trees, nor am I the type of person who wants to save the world, but you will probably
agree with me that reducing our energy consumption and reducing our carbon footprint is
only good for our successors. They say that we are already using the natural resources that
are intended for our children, because we have already used the part that was intended for us.

Unfortunately, the KNX system as such does not (yet) belong to the ECO fund in our country,
so we cannot obtain funds from the ECO fund for its installation (only for the KNX system).
However, by installing it, we can make our home an energy-saving home.

In the UK, they have resolved this differently. From 2014 onwards, anyone who builds a new
home and installs a home management system in it, he or she doesn’t need to pay 20% VAT
when purchasing the system.
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After presenting the possibilities offered by the KNX system, many people are enthusiastic
about the idea of having their own system with complete control over the home. However,
because they know how fast one can spend money when building a house, they opt for a
classic electrical installation instead of an intelligent installation.

One of the advantages of the KNX system is that you do not have to install everything at
once.
Conductors and their laying are the cheapest part of the electrical installation system.
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Figures 6: Wires in electrical cabinet

If we take care of the appropriate way of laying the wiring of the electrical installation during
construction, we can upgrade our KNX system with additional functions at any time in the
future. In this way, we can get to the desired KNX system with much lower investment costs.

Even though we did not take care of all possible future upgrades during the construction,
today there are wireless RF KNX elements http://www.myknxstore.co.uk/knx-rf-c108 that
can be installed practically anywhere and without construction interventions in the building
itself.

So there’s no reason why you couldn’t one day have the kind of KNX system you want.

2 LET’S BEGIN! WONDERFUL THINGS YOU CAN
DO WITH KNX SYSYTEM

Let’s take a look at some of the things the KNX system can do and what magic lies behind
the smart home provided by the KNX system.
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I don’t know how it is with you, but me, I don’t know why, maybe because I’m an electrician,
it bothers me a lot if the lights are on in the apartment when no one is home. It doesn't seem
to bother anyone but me at home.

The KNX system has a fantastic solution for my problem. At the front door, you can install a
switch on the wall, with which you can turn off all the lights in the apartment at the moment
you leave home with just one push of a button. Such a function is called a central function
http://www.ib-solutions.at/index.php/gebaeudeautomation/funktionsbeispiele.html.

The best thing about this feature is that you don’t have to walk around the house from room
to room and turn off the lights or yell at the kids for them to do it.

In a similar way, you can get rid of many annoying tasks in your home and thus save time.
Isn't that enough for you yet? If you are really in a hurry from home and you only remember
later on the road or at work that you did not press the Turn off all lights button when you left,
you can simply log in to your smart home system with your smartphone, tablet or computer
and do so
https://www.google.si/search?client=firefox-b-ab&biw=1408&bih=768&tbm=isch&sa=1&q
=knx+on+phone&oq=knx+on+phone&gs_l=psy-ab.3...423030.426013.0.426232.8.8.0.0.0.0.
106.651.7j1.8.0....0...1.1.64.psy-ab..0.4.332...0i8i30k1j0i30k1j0i24k1.TbDT5jUYK_w.
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Figure 7: Smartphone and LCD touch screen

However, you can easily do this with your own voice when you simply order your virtual
assistant Siri or Alexa to turn off all the lights when you leave home.
https://support.apple.com/sl-si/HT204389. You’re right if you said wow!
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There is another thing that gets on my nerves. This is by constantly setting the thermostatic
valves in the apartment to maximum.

Figure 8: Thermostatoc valve

Is this happening to you too? It happens that I sit in front of the TV or read a newspaper or a
book when I suddenly become aware of the heat around me.

So many times I secretly get up and set the thermostatic valves to a lower temperature. But
look at that. All valves are soon miraculously reset to maximum. It is said that ghosts do this
at my home. So I decided to install KNX valves on the radiators all over the apartment. Now
I have control over the heating at home even via a smartphone. An added plus is that it even
saves on my heating bill

http://www.gira.com/sl_SI/gebaeudetechnik/systeme/knx-eib_system/knx-produkte/homeserv
er/energie.html.
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Figure 9: KNX Termostatic valve from Berker
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You probably know the person whose home was broken into, or you’ve seen it on TV or read
it in the newspaper. All the victims say that what bothers them is not the missing things that
were stolen from them, but the intrusion into their intimate space.

Even the best anti-burglary system in the world will not distract a determined burglar. But
there is something you might be able to do.

Do you remember the scene from the movie Alone at Home, starring Macauley Culkin
http://www.imdb.com/title/tt0099785/, in which two burglars stopped a van in front of their
house and saw that there is a party going on in the house? There was music playing in the
background, a cardboard-cut figure of Michael Jordan riding around the room on a children's
train. With the help of various strings and levers, Kevin managed to control some other
puppets too, thus creating the impression that someone was at home.
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KNX provides a presence simulation feature that is much more advanced than the
aforementioned movie story. It records your commands during any day, such as:

● when individual lights in the house were turned on and off,
● raised and lowered blinds in each room,
● changed light luminous in rooms,
● changed color of RGB LED lamps ...

The KNX system stores these commands (events) in its memory for later use. When you
leave home for a long time e.g. hollyday, you can activate the presence simulation function
by pressing a single key before leaving the house. This one will play all the saved commands
so that on the outside it will look like you are still physically at home.

This way, you can record what’s going on for a day, a week, or even a month just to make the
playback of the recording look as real as possible.

The described operation represents a great advantage in terms of safety compared to simple
timers that turn the lighting on and off every day at the same time. A potential burglar can
observe your home before the burglary and find that the blinds go up and down, the lights
turn on and off at completely different times during the day or week. Don’t you think he
won’t think someone is home? This can already make a difference whether he will break into
your home or not!
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Let's talk some more about safety. Let’s say that despite the best features of the presence
simulation feature, a burglar still breaks into your home. The alarm went off and now the
burglar only has a short time left to grab what he can before anyone catches him at work.

But you are not done defending your home yet. In addition to the KNX system, which already
protects you anyway, you can have a small subsystem that can send an additional signal to the
KNX system and additionally inform it that an alarm has been triggered. This can trigger the
rapid blinking of all the lights in the apartment (similar to a stroboscopic light) in order to
confuse the burglar as much as possible. Hopefully, a loud alarm and crazy flashing lights
will be enough to turn the burglar escaping into the night.

The KNX system allows you even more. You can also use the same sensors to trigger the
telephone call to the intervention service with which you have signed a contract for the
protection of your home http://www.sintal.si/. And for all of this, you can use the same
presence sensors you already use to save energy, so that you don’t unnecessarily heat or
illuminate rooms where currently no one is.
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Getting teenagers out of bed in the morning is sometimes a real challenge for parents. Why
the hell do they have to sleep so long?

Oh, of course. They stayed up all night and played Call of Duty https://www.callofduty.com/,
hung out on Facebook or loaded up some other pointless game. With a little click on your
tablet or smartphone, you can connect to the children’s room and and at once turn on the
lights in the room to the maximum and raise the blinds. Come on, let's get up!

Of course, a teenager can get up and simply turn off the lights and lower the blinds back.
With a simple push of a button, you can lock (block) the operation of the switches that
operate the lights and blinds in the child's room, thus preventing it. One against nothing for
you.
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It may sound childish, but most of us still have a childish desire to brag about new things to
others. You can deny it or not, but in each of us there is a hint of competition both among
friends and among children in the family
https://www.youtube.com/watch?v=maTmyo9QWDU.

No matter which reason means more to you, all I want to say is that if you want the best for
your home, then I recommend you choose the KNX system. KNX exudes style and
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sophistication. Your guests will immediately recognize the expensive and complete luxury of
your home.

Using switches is a real pleasure, they offer a much better feeling when touched, and they
also show a certain prestige that the use of conventional switches does not.
https://www.google.si/search?q=gira+switches&tbm=isch&imgil=_KE4LTwwnthnZM%253
A%253B4dP7K38RZmYCjM%253Bhttp%25253A%25252F%25252Fwww.gira.com%2525
2Fen%25252Fschalterprogramme%25252Fe22.html%25253Fp2r%2525253D18&source=iu
&pf=m&fir=_KE4LTwwnthnZM%253h

To be honest, I don't know any better smart home system than the KNX system, but believe
me, I'm the last persone to work for them (read KNX organization) advertising
https://www.knx.org/knx-en /knx/association/introduction/index.php. More on that later.
Believe me, after many years of use, you will be absolutely thrilled with it.

You may feel a hint of envy when you present your technologically ultra-modern home to
others, but I’m sure you’ll easily survive that.
https://www.youtube.com/watch?v=i73n-LTXPIM

You will probably get the nickname to be the owner of the best smart house. So what if they
talk about it with envy behind your back. You will enjoy every moment you spend with the
KNX system in your home, so you won’t mind what others think about it.
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I’ve listed just a few things KNX can offer in your home. I would tell you even more, but
there are simply too many things to mention. However, I will give you even more in the
following, such as:

● Scenes - Set your favorite room lighting, temperature and even the position of the
blinds so that you can call it up at any time with just one press of a button. The use of
so-called scenes is very suitable for enjoying movie nights, evening parties or the
aforementioned simulation of presence.

● Panic Button - Lying in bed at night knowing everyone is home in their beds when
you suddenly feel like you hear someone moving around your apartment. Simply
press the panic button and turn on all the lights in the apartment. The burglar is likely
to escape.

● Fully automatic lighting control - As the seasons change, so does the intensity of
natural light. Depending on the changing morning and evening light, you can take this
into account when turning on the outdoor lighting by using the time of year. At the
same time, you can change the duration of the lighting and not just the switch-on
time.

● Manage your home with your smartphone or tablet - Admit that you probably do
everything else with smartphones today. So why not have complete control over your
home with your phone, as the following clip shows:
https://youtu.be/mPwRGbTQjWw
Video 2: Turning lights on and off with mobile phone and LCD display

● Lower light at night - This feature is very useful in many situations. If you have to
get out of bed several times at night because of small children, visiting the toilet or
simply because you can't sleep, the motion sensors will detect you and automatically
turn the light on and off in the rooms you are moving through. During your walk, the
lights will accompany you with a (much) lower level of illumination than normal, so
that it will not blind you or disturb others. There is a sensor that can detect if your
toddler is covered or exposed in the nursery. The KNX system will detect this and
slightly increase the temperature in the child's room.

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.

https://youtu.be/mPwRGbTQjWw


● Voice Management - All devices connected to your KNX system can also be
managed via voice, enabled by virtual assistants such as Siri (Apple), Alexa
(Amazon), Google Home, ...
https://www.amazon.com/Amazon-Echo-
And-Alexa-Devices/b?ie=UTF8&node=9818047011 or
https://www.youtube.com/watch?v=m6-Fg8dGZFY

3 KNX AND LIGHTING
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Lighting is the most important and most commonly used electrical thing in your home. At the
moment, our lifestyle is such that we spend most of our time at home in the evenings. Since
there is not enough natural light at that time, we replace it with artificial light. It can also
provide up different scenes and moods.

In some rooms at home, it is recommended to use lighting with the possibility of dimming or
even changing the lighting temperature (light color).
https://www.youtube.com/watch?v=KTiMlaT4mCM.

Figure 10: Changing colors or color temperature on Philips TV

Such rooms are not just living rooms and bedrooms where you would like to achieve
different light scenes. Such room can also be a hallway between the bedroom and bathroom
or children's room.
"But why," you'll say. Think about having to visit the toilet at night. In order not to injure
yourself or break the wife's favorite vase on the way back and forth, or by accident step on
that sharp toy that your little baby loves the most and forgot in the middle of the hallway, it's
a good idea to light up your path. In order not to be blinded by too much light, it is more
pleasant if the light in the hallway shines with reduced intensity at night. We would also do
not like to wake up others.

Figure 11: Untidy hallway
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A similar situation can occur if your child wakes up in the middle of the night due to bad
dreams and you try to calm him (her) down and put him (her) to sleep as quickly as possible,
otherwise he (she) can steal your much-needed night's rest. If you turn on the light when
entering the child's room, the child may think it is already morning and will be all happy, as
his (her) favorite dad (mom) came to play in his room. I’m afraid you can forget about your
sleep tonight.

On the other hand, many (spoiled) children find it difficult to fall asleep in pitch dark. I hope
this is not the case with you. The dim light in his room can help you slowly get him used to
sleeping at lower and lower light intensities.

Smart homes usually have lighting outside as well. With different lamps, you can create
different scenes and atmospheres in front of your home as well. If we are talking about the
case that you are outside, it is advisable to use the option of remote switching on and of these
lamps. This will allow you to operate the outdoor lamps with a remote control (or
smartphone) in your pocket as needed, without having to go into the house each time.

Figure 12: Outdoor lighting

https://youtu.be/P6NQh0k0LLk
Video 3: Raising and lowering the blinds with mobile phone

You will see how amazed will be your guests at the party. Just don’t accidentally press that
button that turns on garden watering if you don’t want to spoil the garden fun. Well, yeah,
except maybe in the case of a mother-in-law visit. Maybe ...
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When you get home, you can use the remote control or smartphone to turn on the opening of
the door before the entrance to the house and the lighting of the entrance to the house and the
opening of the garage door. You can also use another feature for the same thing, as your home
wireless network always knows where you are because you always have your smartphone
with you. This way, the driveway to the house will light up as soon as you get close enough
to your home without having to turn it on yourself over the phone. Such a function e.g. also
allows Philips Hue system
https://www.youtube.com/watch?v=aAGOBKZ_5kE.

At night, set the outdoor lighting to auto-off so it won’t light up all night. It will turn on again
if someone invited or uninvited comes to visit. Your smart house will inform you about his
arrival by outdoor lighting.

With the right lighting management setting for your smart home, you can help your child who
is afraid to walk alone from the living room up the stairs to the children’s room upstairs at
night. With the push of a single button, you can use the "scene" function to turn on the lights
all the way to your room (or you can turn on the lights with your smartphone).
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When choosing switches for lighting control, you must be careful that they fit in the interior
of your home and also improve it’s functionality.

Imagine e.g. a living room with many different lights, including those that can be regulated
(dimmed), several electric blinds on windows and balcony doors, and thermostats to regulate
the temperature of your home.

Now think about what the wall at the door to the living room, where all these elements are
located, should look like. It is probably similar to a shop window in which switches are

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.

https://www.youtube.com/watch?v=aAGOBKZ_5kE


displayed. Lots of switches, keys and buttons all over the wall. How can you remember
which switch turns on which light?

Ordinary switches usually do not have printed symbols, so we need to remember their
functions by heart. What if you used a KNX switch from one of the many providers, such as
this one, instead of the above?

Figure 13: Multifunction switch with display

Manufacturers produce such or similar aesthetic multifunction KNX switches specifically for
smart homes. There are many different shapes, materials and options. You can choose from
many similar ones for each task that will also aesthetically match the design of your home.
http://www.gira.com/en/schalterprogramme/classix.html.

Each key can create a different scene in your home. By pressing a TV button, you can lower
or close the blinds in the living room, turn off or reduce the main lighting, turn on the
ambient lighting, turn on the TV and central sound system, and enjoy a relaxing movie night
in your home. And all this at the touch of a button. Think how many switches would you
have to press in your home to achieve this.

https://youtu.be/0B_VCOzxKXU
Video 4: Control of lights and blinds with KNX switch and binary inputs

Even if you forget something when designing your smart home and you later find out that it
would come in handy later, you can always change the way your smart home works or even
upgrade the system with new and new features that are yet to be developed. With one such
switch, you can control not only the lighting, but also the blinds, the temperature, the scenes,
the garage doors, the skylights, the watering of the garden, and we could go on and on.

Some of these switches can also be controlled with the help of remotes, but today they are
increasingly used switches, that you can control with smartphones or tablets or even with
your voice.
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Figure 14: IR receiver andremote control

Most switches also have built-in LEDs. With them, you can easily display the position of the
switch in the dark. More useful, however, you can use them to display the status, that is, the
on or off status of a device in this or that room. By looking at the switch in the living room,
you can therefore determine whether the child in the children’s room has really turned off the
light and will fall asleep or not. You can display this by the status of one of the LEDs on the
switch or with its color.

However, since you know that your child can play with a computer in his room even in the
dark, you can easily turn off the power to the outlets in the room with the help of a
smartphone or tablet. You can only be glad that you didn’t buy him a new laptop. Of course,
this does not help when he in using a tablet or smartphone.

When you go to sleep, you can disconnect all the sockets in the apartment that do not need
power at night by pressing a button in the bedroom, thus reducing unwanted electric fields in
the sockets that would otherwise be energized. Make sure there is no outlet between them to
power your electric alarm clock or freezer.

When you left your home you turned off all the lights. Why not, in the event of a long
absence, disconnect all other unnecessary consumers at home and thus reduce the possibility
of an accident while you are on a well-deserved vacation.

If you need a rest and want to fall asleep for an hour during the day, you can press the button
in the living room or bedroom to lower the blinds in this room, turn off the telephone and the
bell at the same time (e.g. the Rest scene). Unfortunately, you will have to turn off the
smartphone ringtone manually and not using the KNX system. This, at least for me to know,
is not (yet) made possible by the KNX system.
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When you return from vacation, the thought that your home will be cold and airless at the
time of arrival can put you in a bad mood. There is no need for that. Otherwise, you could set
the timer before you leave when you return and the smart house would be waiting for you
with a pleasant warmth and everything else that goes along with it.

What if you have extended or unfortunately shortened your holiday? As you probably already
know, you can also operate a smart home with your phone or computer remotely. Simply
connect to it a few hours before arriving home and turn on the "Coming home" scne, which
will provide a pleasant climate.
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In order to be able to communicate with each other, all switches and all KNX elements must
be interconnected. One way is the so-called BUS wire. In the event that for any reason there
would be a failure or. interruptions of this BUS wire, you can determine in advance what
should happen to your devices in the smart house.

Figure 15: KNX element with BUS wire

You can determine in one case that the blinds are raised or lowered, the lights are switched on
or off, the heating is switched to frost protection. Not only that. You can also specify what
should happen when you correct this possible error or BUS bus failure.

Think of a building full of offices with a KNX system built into it. During the night from
Friday to Saturday, due to a fault in the distribution electricity network, there is a power
failure and thus also the failure of voltage in BUS wire in your building. When the fault is
fixed, the BUS power is also restored. If the designer of the KNX installation awkwardly set
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the parameters so that all the lights should be turned on after the BUS power is restored, your
building will shine like a Christmas tree all Saturday night, Sunday and Monday night,
causing financial costs to the company.

As all members of the family age, with that your lives changes and with that also your needs.
You can anytime change the operation of all devices in your smart home as needed and
desired. Your KNX system designer or installer can take care of this, but if you are a
technical type and are looking forward to new challenges, you can take care of it yourself.

Your system operator does not need to physically come to your home and disturb you with
his presence and work during your daily tasks, but can do so right from his office. Simply let
him know your wishes by e-mail or phone, and he will take care of everything else and
inform you about the date of the change, when your smart house will operate according to
your new wishes.

There is also a new program on the market, which the designer can set for you to allow you to
change everything, or just specific parameters in your house
https://www.knx.org/knx-en/videos/list/getting-started-with-ETS-inside.php#embed-video.

A smart house equipped with a KNX system can also be operated in other ways. I hope you
don't have a sick or disabled person in your family who can't move around the apartment in
one way or another and is chained to the bed. By installing the appropriate elements, such a
person can only use his voice to answer the bell, open the front door of the house or block to
the visitor, unlock the door to the apartment, turn on and off all lights, higher and lower room
lighting, set the desired room temperature, turn on air conditioning, activates an alarm or a
call for help to the nearest medical facility and more and more could be listed. Just think how
you can enable a better and safer life for your loved one in such a case.

The latest trend in the KNX system is voice control, which I have already mentioned.
https://www.youtube.com/watch?v=StQLH-39MHw

Manufacturers of KNX switches are aware of our wishes and needs, so they are constantly
adding new and new features.
https://www.youtube.com/watch?v=_ksWTrSP9mE

Not only features, but also the appearance of KNX switches is constantly changing. You can
choose between switches designed by Swarowski, switches that are made of stainless steel,
different types of wood, aluminum, glass and come in different colors and shapes. The choice
depends on the style of your home and of course the thickness of your wallet, which we have
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mentioned several times. The manufacturer of KNX elements Zennio, e.g. offers switches
made of glass on which they print any symbols, a sign of your company or a simple photo
that you took yourself
http://www.zennio.com/product-videos - prettyPhoto[portfolio]/1/.

Some new switches have built-in not only temperature sensors but also motion sensors and
light sensors. With them, you can achieve automatic on and off switching of lights in rooms
where you only stay for a short time (toilet) or in rooms through which you move (corridors,
stairs). Because they also have built-in light sensors, they only turn on the lighting if there is
not enough natural light. During the night, such switches can turn on lighting with
significantly lower light intensity, which we have already mentioned.

Figure 16: Motion and light sensor

Such sensors will also ensure that the level of illumination in the room where you are at all
times will be such that you will be able to do the work you do normally without having to
worry about it yourself. Think about how many hours of work behind a computer you spent
without realizing that in the meantime the level of natural light in the room had dropped
below pleasant, and later in the day you wondered why your eyes hurt or why you have a
headache. And that day after day, year after year.

And we haven’t even get to LCD touch screens yet. You can place them on tables, walls, or
you can simply carry them in your hands as they can work wirelessly. I don’t want to distract
you from buying an LCD touch screen that allows you everything and more. I just want to
remind you that you may actually already have such a device in your home. Your smartphone
or tablet (but now I'm really repeating myself) can easily connect wirelessly to one of your
KNX devices in a smart home and you already have all the options that this built-in smart
device allows you. It takes nothing more than to download a special app from web to your
smartphone and that’s it.
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Slika 17: Pametni telefon in LCD zaslon na dotik

https://youtube/mPLnCjqi6BY
Video 5: Controling radio with mobil phone

We will talk about LCD touch screens later. With the above-mentioned devices, in addition to
all the above, you can also manage audio and video devices in your home, as well as reply to
your e-mail, view images and videos of internal and external surveillance cameras, as well as
receive useful information e.g. about time, temperature ... Just as you can use smartphones to
find out who called you while you were away, or you could not answer a call, you can use a
KNX system to receive a photo, clip, or message from the person who rang your doorbell in
front of your doors while you were away from home.

Figure 18: Intercom from GIRA, source (https://www.stylepark.com/en/gira/door-station-camera-stainless-steel)

Admit that you didn’t expect this from a smart house, and now you’re already thinking about
how useful that could be.
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Heating is just another important component that is included in a smart home system. When
building a house decades ago, we didn’t think so much about heating, insulation, and energy
efficiency. Today, however, laws and various recommendations specify how we need to build
new buildings and what we need to pay special attention to.

If you have not (yet) managed to take care of a modern and ecological way of heating your
home when building a house, you can at least prepare everything you need to do for later
(cabling) without any problems. In doing so, just remember what we have already mentioned
that by using wireless KNX elements, you can do this even later without major construction
interventions in the building.

In addition to the lighting itself and the management of the blinds, temperature control in the
apartment is the next function that is wise to install, because in addition to proper
construction (read the insulation of the building) it brings the greatest energy savings. I do not
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mean only saving, but to ensure the lowest possible energy consumption for heating at the
same time ensuring the same or. a higher sense of comfort. Smart houses allow easy setting
and maintenance of different temperatures for different rooms in the apartment.

We all know that you don’t need the same temperature in every room. You want a different
temperature in the living room than in the bedroom and different than in the bathroom or in a
room where you just store things and are there very rarely visited. You will say that you can
easily achieve this right now by setting the temperature valves in individual rooms
differently. It's true. And this without an expensive KNX system. After all, heating with the
help of the KNX system works similarly to thermostatic valves.

A thermostat located in a room, usually in a switch (which is much more suitable than a
"smart" thermostat located in your home in a thermostatic valve) measures the actual
temperature in the room. If this is different from the set desired temperature, it sends the
appropriate signal to the heating actuator located in the distribution box. This tells the
radiator valve to more or less open or close the flow. The radiator thus more or less heats the
room. When the thermostat detects that the set temperature has been reached in the room, it
informs the actuator, which informs the radiator valve to close the valve. This process also
takes place at home at all times, as long as you have thermostatic valves installed.

Figure 19: Valve head Figure 20: Thermoctatic valve head

Cooling and ventilation of rooms is taking place in a similar way. When heating, there are
many modern systems on the market, which also include window opening sensors, which in
the case of ventilation, i.e. an open window, close the radiator valve, as it would otherwise
want to maintain the set temperature in the room and would open the radiator valve
completely. You, meanwhile, are deliberately ventilating the room.
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Some systems have a programmed simulation function of window opening instead of the
actual window opening sensors, which automatically closes the radiator valve during this
time in the event of a rapid drop in room temperature due to your deliberate ventilation.

Figure 21: Smart thermostatic valve head

By using the KNX system, you can further improve your existing home heating method in
one of the two ways just mentioned.

Window openness sensors (and/or broken glass sensors) can also be used for burglar alarms,
as well as for reporting to your smartphone whan you are away from home.

For example, why heat an apartment when there is no one at home? When the last member of
the family leaves home, with a single press of a button at the front door e.g. turns on the
Away function scene. This automatically lowers the set temperature in all rooms by a few
degrees Celsius.
You have already heard that lowering the temperature by 1° C reduces heating costs by 6%.
By using a KNX clock, the room temperature can be lowered in the same way when we go to
bed at night automatically.

By installing motion sensors in rooms where we do not usually stay, we can save some more
on heating. Remember the already described example of going on vacation and returning to a
cold home. When using heating, you should not only focus on the interior of the home but
also on its exterior.

By using the weather station (sensor) and its possibilities, as well as the logical functions
provided by the KNX system, you can take care of automatic heating or. defrosting the stairs
in front of the entrance to the building, if there is a risk of slipping due to freezing.
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Figure 22: Weather station on site

Similarly, you can arrange for automatic defrosting of frozen gutters if rainfall and
temperatures were such that ice would occur, or prevent the blinds from lifting in the morning
when you get up because the lifting mechanism froze overnight. With turning on the blinds in
such a case you can demage the blinds or destroy blinds motors. This is especially
recommended in case you are not at home and you have a timed depanded lifting of the
blinds or the "Presence simulation" scene is switched on. When you are away from home,
you do not know what the conditions are around your home, and such an automatic activation
of lifting the blinds in the house could destroy the electric drives of all the blinds. Just count
how many blinds you have on the house and multiply that by about 100 euros! The biggest
sloths, however, can imagine heating the footpath to the front door or even the driveway, so
that with heavy snow at night, they will not have to remove snow in the morning to get to
work on time and effortlessly
http://www.elektricnoogrevanje.si/ogrevanje-dvorisc-primer.html.

With the help of a weather station, you can also use the warm winter sun to heat your
apartment. On windows where the sun shines directly during part of the day, you raise the
blinds at a given moment, which you later lower when the sun no longer shines on the
window (this is of course done automatically so that there will be no mistake).

Let me mention here a few more options provided by the weather sensor. The first is to
automatically raise the blinds in the event of too much outside wind to protect the blinds from
damage. The next is the previously mentioned prevention of raising or lowering blinds e.g. in
the morning when you get up, if the night weather conditions were such that the parts of the
mechanism that take care of moving the blinds could freeze. If the blinds are switched on, the
blinds or their electric drive could be unknowingly damaged or even destroyed. With such a
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sensor, you can significantly help maintain a pleasant temperature in the building. In this
case, the blinds are opened in winter if the sun is outside to help the heating system, and in
summer they are covered to prevent additional heating of the windows and thus the rooms.
Also, such a sensor can provide automatic closing of the roof window in case of rain and thus
prevent flooding in the room. With its help, you can block the automatic activation of the
garden watering system if it is raining outside. Just think what your neighbors would think of
your smart house if they found that it is watering your garden on a rainy day. You can also
use it in combination with the room light sensor to maintain the same brightness (light
climate) in the room by setting the slats to change automatically.

It is also a good idea to include the aforementioned window and/or door openness sensors in
the KNX system. You can include them on easily using the KNX element - binary inputs.
Newer KNX radiator valves and switches, which have built-in thermostatic functions and the
possibility of measuring the temperature of the room, enable the physical connection of these
sensors directly to them, so you do not need additional binary inputs.

This shortens the length of wiring required.

Figure 23: Binary inputs on KNX switch

However, you can always use wireless KNX elements, which were (at least for the first ones
on the market) more expensive than ordinary ones, but today the price is practically the same.
Another example of the useful use of heating in a smart home may be in the case of a small
(not necessarily) bathroom that can be optically magnified using a large wall mirror. Behind
this mirror you can install a thin heating layer (a very low power heater) that will prevent the
formation of steam on mirror surface. Electricity consumption is minimal in such a case. You
can also save on heating by turning on automatic ventilation one hour before coming home.
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Even cooling with the help of air conditioners can be turned on just before coming home. It
can also turn off automatically when you are away from home, so as not to cool the apartment
unnecessarily.

Today, when providing a pleasant climate in the apartment, we are talking about the so-called
HVAC (heating, ventilation and air conditioning) systems. Every smart home needs to have
these three systems installed. So why not manage them with a single one, which is the KNX
system. You can divide your home into several heating zones. Each zone can have its own
desired temperature and different requirements for ventilation and supply of fresh air to the
room. In this way, you achieve additional savings in energy consumption.

Let me just mention that the smart house uses a central ventilation system with heat recovery
or local systems with heat recovery instead of a regular ventilation system. They are not as
energy efficient as the central ones.

Figure 24: Ventilation system with heat recovery

https://youtu.be/3pppFjbQEIs
Video 6: Switching Mikrovent on and off

If the KNX system detects that a window is open in a room, it not only closes the radiator
valve in that room, but also switches off any air conditioning to cool the room in the summer
and, of course, the ventilation device.
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Such control system works best in facilities such as office buildings, offices, schools, etc. In
such buildings, you can even prevent employees from raising the temperature in their rooms
above the allowable value in the winter, or lowering it in the summer. After the end of the
working day and on non-working days, the system automatically switches to night heating
(cooling) mode.

The temperature in the workplaces rises, the system switches to normal mode, one hour
before the workers arrive at work. Temperature in all rooms, as well as other devices such as
lights can be controled and changed if necessary also via LCD touch screens.

Figure 25: Oldery LCD Touch screen

It is wise to have two sources of heating in a smart house. The first heating method can be (is)
usually hot water radiator heating, and the second or additional method can be heating with
air conditioning. Depending on the outside temperature, the KNX heating system will always
choose the heating method that is most economically at any given time. The KNX system
will increase the feeling of comfort and security in the smart home, while at the same time
providing additional savings.

Most KNX elements for heating also have a frost protection function included. In the event of
any fault or abnormal operation, the system automatically switches to this function, thus
preventing accidents that could result from freezing of water in the pipes and spillage of
water due to rupture of the pipes.

Just as you turned off all the lights at the touch of a button when you left home, you can
switch from normal to economy heating mode at the same time during the heating season.
Before coming home from work, the system itself can switch to the normal heating mode and
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thus provide a pleasant warmth at home when you arrive home, or you can do it yourself with
the help of a smartphone.

When heating, we should also mention the CO2 sensors, humidity and smoke sensors, which
further increase the feeling of comfort and, above all, security in your smart home.

Figure 26: Temperature and humidity sensor from Zennio

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



4 FINANCIAL SIDE

The price per square meter of a home equipped with the KNX system, of course, depends on
your wishes andon the level of equipment of the home with various functions. The table
below shows the approximate net prices. The price does not include VAT!

Table 1: Approximate net prices od different levels of equipment

Net price in €/m2 KNX systema options (functions)
50 - 60 Basic (lights)
60 - 90 Normal (lights + heating or blinds)
90 - 125 Comfortable (lights + heating + blinds or cooling)
more then 125 Luxurious (lights + heating + blinds + cooling + additionaly)

The price includes the cost of a typical KNX installation (design, cabling, distribution
cabinets, KNX devices and elements, sockets, system start-up), but does not include
executive elements such as lamps, radiators, blinds and their electric drives. Even the basic
KNX installation package provides comfort that you can’t compare to the comfort offered by
a classic electrical installation (some disagree).

However, you can compare the price of the basic package with the price you were willing to
pay and also did paid when, for example, you decided to install three-layer windows in your
house. Meanwhile, the price of a regular KNX package is already comparable to the price of
how to heat your house with a heat pump. You might agree with me if I say that the KNX
system is (can be) just another basic component of your home.

The comparison of both installation systems (classic and KNX) depends on the individual's
wishes and needs. If you are going to use a smart house only for lighting purposes, I can say
with certainty that a KNX installation will be much more expensive than a classic
installation. However, if you also include the management of blinds, heating and energy
management of the house in the smart house, as well as central and remote control, the KNX
system becomes simpler and cheaper than the classic one.

Let's take a look at the approximate cost of installing a comfortable KNX system package in
a typical house with an area of 200 m2. I envisioned 40 lighting circuits (4 with the
possibility of dimming), 16 blinds and 8 different, mutually independent heating zones
including professional installation.
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Table 2: Comparison of the price of the classic and KNX installation

Device or service Classic installation KNX installation
pieces price

(€)
price (€) pieces price

(€)
price (€)

System installation project 1250 1400
Electrical installations 3000 4250
TV, telephone, computer
network

750 750

Electrical cabinets 1 500 500 2 750 1500
Sockets (230V, TV, telephone,
computer)

100 7,50 750 100 7,50 750

Installation of sockets 100 2,50 250 100 2,50 250
Switches for lighting 36 11,25 405 36 44 1584
Installation of switches 36 2,50 90 36 2,50 90
Regulators for lights (dimmers) 4 25 100 4 193,75 775,25
Blind controllers 16 123 1968 16 56,75 908
Installation of blind controllers 16 5 80 16 5 80
Electrical thermostats 8 100 800 in KNX switches
Installation of thermostats 8 5 40 in KNX switches
KNX switches 2 169,50 339
Switches with thermostats 8 260 2080
Heating actuators 8 25 200 8 74,25 594
System startup 1267,75
TOTAL NET PRICE 10183 € 16618 €

As an investor, you will find a company where the price will more or less differ from the
above example or will not provide reliable information on all costs. Some companies may
offer you e.g. KNX system installation project and system startup for free (or even just a
KNX system without a calculated project), just to choose their company. In such cases, it is
worth considering whether such a system will work as reliably as it should and whether, as an
investor, you will benefit from their truly active cooperation with you.

Think for a minute, as a new builder, would you build a new home without a project for
classic electrical installations, plumbing, ...? I probably wouldn't. So why build a smart house
without a smart installation project?

In addition, as a homeowner of a classic electrical installation, you need to spend quite a bit
of time choosing an electrical appliance provider, purchasing and installing it. Due to
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components from different manufacturers, you will be concerned about different warranty
conditions and costs due to possible changes in the future when you want to change the
operation of some devices. Not to mention the installers of these devices, their mutual timing,
which will rapidly extend the construction of the house. This can be confirmed to you by
anyone who has ever built or renovated a house. The aesthetic appearance must also be taken
into account, although today we can get aesthetically pleasing products of classic installations
on the market.

Let’s look at a performance comparison for the example above.

Table 3: Performance comparison

Performance compar Classic
installation

KNX
installation

Lighting management from any place NO YES
Calling light scenes NO YES
Turn off all lights when leaving home or at night before bed NO YES
Automatic temperature reduction when leaving home or at
night before bed

NO YES

Operation of blinds from any place NO YES
Lowering all blinds when leaving home or in the evening at
dusk

NO YES

Possibility to change the operation of the installation without
construction interventions in the building

NO YES

Possibility to connect the installation to an alarm system NO YES
Quiet operation of thermostatic valves NO / YES YES
Control with smartphone NO YES

Let's look at a comparison of prices between different types of installations as well as
different smart systems, for the above example (internet source):

Table 4: Approximate prices of different systems

Systems in € Medium systems in € Addvanced systems in €
Classic installation 10900 Dupline 17000 Lutron 21000
Cardio 16000 IDRA 16000 Lonworks 17000
Hometronic 18000 IHC 15000 Creston 20000
Luxor 15000 LCN 17000 KNX 18000
X10 14000 Xcomfort 16000
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The most important criterion in planning a smart home is, in addition to functionality, also
economy. In most cases, the investor only looks at the construction costs and forgets about
the operating costs that the future use of the system brings. When thinking about building a
smart home, it is wise to decide to install a lighting and heating system from the very
beginning. This does not significantly increase the cost of investment, but brings the greatest
savings in operating costs. In the case of individual residential houses, the differences in the
configuration of an individual smart home KNX system can be so large that it would be fair
to give estimates of savings.
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Heat only when necessary. Thanks to the possibility of independent temperature regulation in
each room of the smart home, you can save up to about 30% of energy. You can set a lower
temperature in rooms that you use only occasionally. Calculations show that the investment
costs are recouped faster in the case of the installation of the KNX system in large premises
and amount to 2 to 4 years, depending on the size of the premises. Savings due to the
installation of a KNX system only for heating management can reduce operating costs by up
to 30%. By raising the price of energy and lowering interest rates, the savings can be even
greater.

As I have already mentioned, in the case of limited financial capacity during construction, it
is wise to prepare electrical installations in such a way that they can be upgraded at any time
later or replaced by KNX installations. So leave open possibilities for post-processing when
intelligent installations will become a common thing in every home. The cost of making such
an installation, which is suitable for further processing, is only slightly more expensive than
making a classic electrical installation. However, because you have been thinking ahead, you
have secured the opportunity to build a smart home step by step, so gradually function by
function or room by room. And this without construction interventions in the building.

In the chapter on savings that can be achieved by using the KNX system, we must also
mention energy consumption meters. The most common are electricity consumption meters,
but otherwise the system also enables the measurement of water and gas consumption. With
them, you can control the amount of energy consumed by individual electrical consumers or
the entire electricity consumed by your home. You can also view the amount of energy
consumed backwards, as the system allows you to record consumption. This way you can
quickly discover the most wasteful consumers of electricity in your home. Consumer
monitoring increases the awareness of smart home users, which contributes to a more
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efficient use of electrical appliances, and thus again to greater savings. Let me just mention
the example of a car owner who has the current fuel consumption per 100 km on display in
front of him all the time, compared to the owner of the same car who does not see this
consumption in front of him. Think about which of them drives more sparingly in terms of
fuel consumption? Yes, you are right, the one who monitors consumption all the time.

Figure 27: KNX element for measuring electricity consumption and current measuring transformers
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You may agree with me that money isn’t everything, or not. But you’ll probably agree that
it’s a lot easier with it than without it. Undoubtedly, the safety of those close to us is more
important to everyone than money and material goods. Protecting your home is absolutely
necessary today, as it provides you with compensation in the event of a fire, burglary ...
However, you must do everything you can to prevent such accidents.

We have already mentioned in previous chapters that when leaving home, you can switch off
the entire installation by pressing a single button or switching to the economical heating
mode. The KNX system can also notify you of any error that has occurred while you are
away from home in the form of an SMS or email.

Various events detected by sensors in the smart home as well as data on heating, room
temperature, light status, ventilation and so on are processed in real time. This means that the
system will notify the user of the event as soon as it occurs and not later. At the same time, all
these events can be automatically stored in the event database, for the needs of possible later
analyzes. When you get home, you can watch these events or not, and you can receive the
most important things on your smartphone even when you are not at home.
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The KNX system provides a connection between various important functions about security.
With the alarm system you can connect the electrical installation as well as sensors of
movement, smoke, CO2, water spill, open windows and doors, energy consumption
measurements. With their help, you can protect your home from damage and reduce side
effects due to accidental events.

I have already mentioned turning on or flashing all the lights in the building in case of
unauthorized entry into the building, but I did not say that the KNX system can automatically
notify the nearest police station or security service that takes care of protecting your home at
the same time. The feeling of security is not only given by visibly installed security devices
outside and inside the home (which, by the way, can be so-called blind cameras, that is empty
plastic camera housings that look like real ones), but especially activities that occur in case of
burglary.
This is only one form of security, that is security against burglary. A completely different
safety is enabled by the use of different types of the already mentioned KNX switches, all of
which operate at a low voltage of 24 V or via radio or IR signals. Therefore, you can install
the KNX switch near the bathtub or shower without fear of electric shock. By using secure
low voltage, we also reduce the generation of electromagnetic radiation in your vicinity
(switch mounting height), as the power circuits are routed directly from the distribution box
to the consumers and no longer via the switches.

If you are planning to build a multi-apartment building, hotel or villa, it is still more
important that you have the ability to manage everything that happens in it. The owner and
operator must have an insight into what is happening at all times. In such advanced systems,
the control and management of all systems must be concentrated in one place. In these cases,
visual control, i.e. the use of SCADA (supervisory control and data acquisition) system, must
also be included. This provides a quick overview of the situation and events in the building.
Such systems are easy to use and allow graphical display of data for each room individually
as well as for the whole building.

They are very suitable for the on-going inspection of the building as well as for the purpose
of maintaining the building. You can view all measured data and recorded events on the
computer screen at any time, even backwards. The system also allows the playback of
pre-recorded audio and video messages, all with the aim of better and more accurately
informing the owner about the condition and events in the building. In a modern hotel the
friendly hotel staff greets you on the TV screen when you enter the hotel room with your
name and surname and wishes you a pleasant holiday.
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However, the above-mentioned system (SCADA) is not suitable for smaller buildings. Due to
the mentioned features, it is highly recommended to install an LCD touch screen in a smart
home, which can also be wireless. I have already mentioned the KNX elements that allow
you to connect to your smartphone or tablet. You may be able to avoid buying an expensive
LCD touch screen (price over € 1000). Color LCD screens can show you all the features you
envisioned when installing the system. You can choose from sizes 8,4″ to 15″.

Figure 28: Newer LCD touch screen Figure 29: Older LCD touch screen

The aforementioned cameras outside and inside the building can transmit video directly to a
TV screen or to a color LCD touch screen. Images triggered by motion sensors can be saved
for later processing. Ensuring security when we are not at home also includes the already
mentioned and described presence simulation function, so I would not describe it here again.

4.4 H
O
M
E
C

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



I
N
E
M
A

In addition to safety, an important aspect of a comfortable home is also the well-being of the
home owners, as we have invested a lot of work, effort and money in the home. A good audio
and video system helps a lot.

The idea of home cinema is to create a pleasant ambience to enjoy good film and good music.
Can a home cinema replace watching a movie in a movie theater? Some of you will agree,
others not. It is true, however, that spending movie nights at the cinema is one of the most
popular ways to spend free time. Some of you will miss the company of friends around you at
home and the smell and sound of biting popcorn and sipping Coca Cola. Others again not.
Anyway, why give up the convenience of watching movies in your smart home?

Figure 30: LCD TV

If you want to have a real home cinema, it is a good idea to start planning it when building a
house, as in this case you can designate a special space for this purpose. But that doesn’t
mean you can’t have a good home theater in your living room as well. The greatest emphasis
should be on sound and picture quality. That is why basements or attics are the most suitable.
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There should be no objects in the room that spoil the good transmission of sound from the
speakers to us. Parallel walls and a ceiling that is parallel to the ground can cause the
formation of unwanted standing waves. That’s why an attic can be an ideal space, and a
basement can be remodeled a bit quickly. In addition, there are usually no windows in the
attic and basements and you can easily darken the room.

Good sound reproduction in a room is greatly influenced by the material from which the
walls are made or lined. Bare walls have a bad effect on the acoustics of a room. Also
important are floors that should be covered with a soft thick carpet. By choosing the
appropriate materials, you must also ensure good sound insulation of the room, so that the
sound does not disturb other domestic in the adjacent rooms or that external sounds do not
enter this room.

Properly chosen wall color is also important. If you have a projector built in the room, the
best choice for the walls is matte or dark. They will reduce the reflections of the light
projected by the projector.

You will read somewhere that conductors have a very big influence on sound quality, again
elsewhere that they have no influence on sound quality at all. Of course, there are differences,
but they can only be detected in very high quality (read expensive) HI-FI systems and even
this can only be detected by a very small percentage of people. That's why I don't understand
people who install very expensive and high-quality audio systems in their cars, with
gold-plated contacts for connecting wires, which also have gold-plated contacts. None of
them, however, drive an electric car, which is much quieter compared to cars with internal
combustion engines.

The number of wires in a home theater can be very large. These include power wires for
electrical appliances as well as audio and video wires. A real home theater includes at least an
LCD TV with a large diagonal, if not a projector and screen. If you haven’t planned your
home theater in advance, you can hide all of these cables and wires in ducts that you install
along the edges of the floor and walls. You can get tubes for electric wires on the market that
also have LED lighting built into the covers. With them you can achieve a pleasant ambient
light.

Lighting is a very important thing in home theater. It must be possible to dim the lights so
that you can adjust the light level if you wish, if you do not want to have complete darkness
in the room. With the right light, you can further influence the atmosphere and the feeling of
comfort while watching a movie. Daylight does not have a good effect, so it is desirable to
eliminate it as much as possible or completely.
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https://youtu.be/HOvgzqKCKoc
Video 7: Changing the color temperature

Some Philips TVs have a built-in Ambilight function, which can further enhance the
enjoyment of watching a movie. There are also sets of additional LED lamps that can be built
into existing lamps in the room and have the ability to communicate with the Ambilight
system, thus further emphasizing the color happenings on the TV screen in the room itself.
https://drive.google.com/file/d/0ByjrFYPxUUcdUzR3bllhZmloWlE/view?usp=sharing
Video 8: Ambilight on Philips TV

Figure 31: Ambilihgt on Philips TV

I won’t waste time on the sound, though, as each eye has its own painter. Some still swear by
a quality stereo signal, others are satisfied only by the dolby surround system, and others
swear by digital surround sound, which has been present in all the better cinemas for many
years. Yes youngsters, sometimes that was not the case. If our space has no windows or they
are well closed due to sound insulation, it is necessary to take care of good ventilation of the
room, otherwise we will soon not feel good in our cinema. Ventilation will also remove
excess heat from the room from the spectators as well as from all operating electrical devices
in the room. It is important that the ventilation system is quiet enough, not louder than 30 dB,
so that it does not interfere with the sound emitted by home theater speakers. It must also
provide a supply of fresh air evenly throughout the room. Last but not least, we must also
take care of ourselves. Comfortable furniture with the possibility of changing the inclination
of the back, raised legs, with holders for storing snacks and drinks is desirable.
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Figure 32:  Comfortable TV armchair

Installing a home theater in a smart home is a welcome option, but it is by no means cheap.
The good thing about all of the above is that we can arrange a home cinema later, when our
wishes and, above all, financial capabilities will allow it. Remember, however, that if you
don’t own a luxury villa, and you don’t have the extra space that you could turn into a home
theater, you can quickly turn your living room into a perfectly decent home theater.

In the smart house, you have already taken care of many things, which we mentioned above,
namely the darkening of the room and the inclusion of ambient light. In each living room you
already have a comfortable sofa, heating and ventilation are arranged for the whole home, so
also for the living room.

I also don’t know of a living room that wouldn’t have an audio system installed to which you
can switch the sound from the TV. And last but not least, the living room is not far from the
kitchen and refrigerator where you have stored snacks and drinks.
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Philips 33: Comfortable living room

If you have understand what you read so far, you will know that you can provide the pleasant
atmosphere and ambience in the living room described above with a simple press of a single
button to which you have assigned a “home theater” scene! Not only that, you can control all
of this with a smartphone or tablet (well, except for snacks and drinks).

If I forgot to mention so far, let me do it now. With the KNX system, in addition to the above,
you can automatically turn on the TV, DVD or Blue-ray player with a real movie and audio
system at a specific volume by pressing the button to call the home theater scene. You can
also arrange a scene to listen to music in a similar way. Just a touch of a button and you can
already enjoy your home theater.

Sometimes each of us wants to enjoy watching our movie or listening to our music. Since this
is not possible unless you have your headphones on in one room, you can install a KNX
system in your smart home, which allows you to transfer images and/or sound from one room
to any room in the building you want.

With a built-in system like this, you can listen to music from any music source in any room
without having to buy multiple playback devices for it. In this case, you can have small but
high-quality speakers built into the rooms right in the walls or above the suspended ceiling
(Armstrong) or you can listen to music from the KNX switches that you have in each room
anyway, but they must be such that there is a built-in speaker in each.
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You can easily install these video and audio devices in bathrooms and enjoy watching and
listening in your luxurious bathtub, or follow the latest video news while shaving via the LED
screen built into the mirror above the sink.

You can also have speakers built outside the house in the garden, so you can enjoy pleasant
music even while working in the garden, playing with children or simply when you enjoy the
well-deserved peace comfortably reclining on a lounger on the terrace or garden.

When you are disturbed by the doorbell while watching your favorite movie, you simply
freeze the movie on your TV with a remote control or smartphone and switch the video signal
from video to the doorbell videophone, and answer (or not) the visitor by pressing the button
on the smartphone to unlock the front door and invite him to watch a movie or a football
match with you. Of course, you can check at the same time what (if any) he brought with
him. Since such and similar systems are part of the additional (read unnecessary for many)
equipment, I will not waste any more time here.
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Over the years, unfortunately, we are all getting older, so our view of the world is changing,
as is our life and the way we live it. So our habits and needs are changing. Our home
suddenly becomes a place where we hope to spend our years in retirement. It must therefore
meet our needs from the first days of retirement to the end of our lives. For some, this may be
a horrible thought, but the fact is that the number of retirees is increasing year by year, and so
is our life expectancy.

Statistical data in Slovenia as well as elsewhere in Europe show an increased number of
elderly people living alone in one or two family houses built in the 1970s, 1980s and 1990s.
The children started families and moved out on their own, while the parents were left alone in
huge empty houses. We all know that pensions are not what they deserve and so it often
happens that the elderly, especially if they live alone (widows or widowers), are no longer
able to maintain such large facilities. Therefore, they have to sell their houses if they want to
spend their last years with dignity. This can be a very severe ordeal for an individual, as they
built these houses themselves with their own hands. That is why they also built such big
houses that their children and their families could live with them later.
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Most of us would like to live in a house (home) that would contain all the elements of a smart
house and thus make life easier even as we get older, including lower operating costs due to
the built-in smart technology. Some of us will spend the last years in retirement homes,
sheltered housing, and some in our own homes. Either way, we will one day need the help of
others in these spaces. It may sound severe, but the need for such help will be inevitable, so it
is good to prepare for it.

So, if we accept the fact that we will need help one day, we must already today build homes
that contain such technology, not only in luxury buildings and retirement homes, but in all
new buildings.

The need to help the elderly is not just related to, for example, our illness or someone close to
us. The form of assistance can vary greatly from case to case. As I once mentioned, I know a
Slovenian company that also deals with smart installations, which every year installs a smart
installation system for one of the disabled people in Slovenia in their home. It connects and
manages all possible systems in the house with voice control (lighting, blinds, heating,
cooling, ventilation, entrance door to the house, entrance door to the apartment, intercom,
music, TV, ...).

Once we install a KNX system in a building, we can change it at any time and adapt it to the
new needs of the individual, either because of our aging, illness or simply because of our
desire to manage the home in a different way.

The choice of KNX elements today is so wide that visually impaired and elderly people with
memory impairments can easier manage their home (red switches for heating, blue for
lighting, ...) by choosing the right colors and shapes of smart switches. In this way, we can
reduce their fear of use.

Most homes built today are intended for young, active and physically fit people, although
these people do not make up the majority today. This means that we are creating homes that
are already obsolete today and will require major repairs (costs) in the future to make them
easier and better usable.

Just like 30 years ago our parents did not think about energy efficiency when building their
homes, today many new builders do not think about smart installations.
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5 OTHER BENEFITS OF THE KNX SYSTEM

By using a KNX system in which the elements are connected via a BUS wire operating at 30
V, we achieve less electromagnetic radiation in our home than by using wireless routers that
connect several other smart systems and devices in some homes. In this way, the system is
more robust, as it is not tied to the unreliable operation of wireless systems. Also, the
operation of the KNX system or its management does not depend on web applications loaded
on smartphones, but we always have the option of managing smart switches mounted on the
walls.

If you remember the already mentioned advantages of KNX systems, let me just remind you
of one that KNX is not just about content but whether or not we want style. Building passive
houses means building using the best materials, the price of which we know is the highest. To
be honest, an ordinary white switch does not belong in such a house. I really think passive
houses include the KNX system.

Passive house owners love their houses, so they are also interested in how the house
“behaves”. The KNX system enables the management and monitoring of ALL systems in the
house.
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Wherever you turn, you are bombarded from everywhere with articles about the benefits of
smart home systems. Every good thing also has bad things or a whole bunch of redundant
features that you also have to pay for.

LCN, IHC, X10, Powernet and other systems based on communication via power cables

The operation of the RCCB (residual current circuit breaker) protection switch in the
distribution box (usually we have one or two RCCB switches built in), its switching off,
causes the communication of the entire system to be interrupted. No switch in the smart home
will work anymore, so you can't turn any lights on or off, raise or lower the blinds, and so on.
If you install a larger number of RCCB switches in the distribution box, you can reduce the
number of non-functioning parts in the smart home. However, this has increased your
investment costs, as an RCCB switch usually costs more than 10 times more than a regular
circuit breaker. The number of conductors also increases, and a larger distribution box is
required.
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Figure 34: Residual current device – Residual current circuit device

Xcomfort, X10, Radiobus and other systems that are powered from power sockets

The operation of the miniature circuit breaker (MCB) in the distribution cabinet, its
switching off, causes the KNX devices located in the mentioned circuit (usually a few
devices in each room) to stop working. No switch in the mentioned circuit is working
anymore, so you cannot turn on or off any lights, raise or lower the blinds, etc. This can pose
a risk in the event of a critical situation (at night, during a fire, ...). If you install a larger
number of installation circuit breakers in the distribution cabinet, you can reduce the number
of non-functioning parts in the smart house, but at the same time you have increased
investment costs, the number of cables, and a larger distribution cabinet is needed.

KNX, Creston, Lonworks and other systems based on communications via BUS wire

● Using only one BUS cable (a 4 wires cable, connecting all KNX elements in the
electric cabinet and the entire building (switches and sensors)) can pose a risk. If you
damage the BUS cable when drilling holes in the wall for a new picture or clock on
the wall, you can interrupt the communication of all or only part of the system (from
the drilling point onwards). Because of such cases, it is very important to design the
system correctly by dividing one BUS circuit into several BUS circuits (lines). Thus,
you do not connect all KNX elements to each other with a single BUS conductor on a
single line but on several lines. In doing so, you need to be careful not to connect the
two different BUS cables anywhere in the building, as this would cause the system to
malfunction, but more on that when we discuss the KNX system itself.

● Higher price of equipment, of course at the expense of a much more powerful system.
The price of electrical devices (appliances) should not be added to the price of the
system, as these electrical devices (motor drives, ...) are needed for all systems.
Unfortunately, the price of KNX elements is several percent more expensive than
elements of other systems, so you need to think carefully about your wishes and
needs, and calculate the price of the entire investment, not just listen to the seller, who
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can distract you from deciding for a KNX system because of his fee if he sells you the
system he wants.

● You need a larger electrical cabinet (the size of a normal door) or two normally large
ones, which need to be placed somewhere so that you can install all the necessary
equipment in it. Do not forget about the spare space for possible subsequent upgrades
of the system. It is best to hide it behind clothes in a wardrobe or room.

Figure 35: Small electrical cabinet Figure 36: Large electrical cabinet

● Audible (loud) switching on and off of relays that is the actuator outputs remind us
where the junction box is located.

● A large number of cables to and from the electrical cabinet, because each circuit, each
light needs its own cable, independent of all others. Each cable has a cross section of
1,5 or 2,5 mm2, so if there are 50, it means that you need 10 x 5 cm of space under
the plaster, or 1,5 x 50 cm, if you lay them in parallel - so half a meter wide strip in
the wall or the ceiling. You can solve this problem by installing several smaller
distribution cabinets (one on each floor).

Systems based on internet communications via internet cable or WIF

Theoretically, it is possible for someone to break into such a system and e.g. turns on some
lights, raises the blinds, or opens a garage or front door. In such a case, it is worth considering
whether you even want to be able to remotely unlock the front door. But what can a burglar
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gain if he turns on some lights in your smart home? Of course, controllers that work over the
internet have their own passwords, so if you’re not a proud owner e.g. expensive pictures, a
burglar will not attempt to hack into your network by finding a password.
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ZWAVE
Z - Wave is a "new" wireless remote technology developed by Zensys in Denmark. Z-Wave is
a new generation wireless system that allows all electronic elements to communicate both
with each other and with the user wirelessly. In doing so, it uses simple, reliable, low-power
radio waves that easily pass through walls. Z - Wave uses the Mesh network topology, so it
can extend much longer than the radio waves of a single unit. The system is very simple and
easy, both to install and to use, and practically does not require much knowledge and time to
install and start operation. This system is used especially for homes for a do-it-yourself
systems.

ENOCEAN
Enocean has developed a technology based on efficiently exploiting the smallest changes in
the environment to capture the energy needed, which is then converted into electricity, which
then serves as an energy source to send radio frequency signals from sensors to actuators. All
Enocean components operate without batteries and are designed to operate without
maintenance. The simplest example of a product based on RF protocol is a battery-free,
wireless-free lighting switch. By pressing such a switch, you "put" so much energy into it that
the switch produced as much electricity as it needed to send a weak RF signal to the actuator
to turn on the light. Or by turning the handle on the window you produced so much energy
that the handle sent an RF signal to the valve on the radiator which told him that the window
is open and that the valve should close because you want to ventilate the room and you do not
want the valve to open to the maksimum. The system requires shorter wiring time because no
wiring is required between the switch and the light.

OPEN SYSTEMS AND OPEN PROTOCOLS BACnet
BACnet – The Building Automation and Control network. It was developed by ASHRAE,
which is now published as the ASHRAE/ANSI standard, the CEN standard and the ISO
standard. BACnet is a communication protocol for building automation. It is suitable for both
automation and control, especially for HVAC systems, lighting control and fire-fighting
equipment. It is known as ANSI and CEN as well as ISO standard 16484-5. The protocol is
based on four levels of the OSI model.

LonWorks
LonWorks was developed at Echelon in America. It is a general purpose network that uses
the LonWorks protocol and the Neuron chip. It is most useful for installation in the devices
themselves and is widely used in buildings with a BUS bus - a pair of wires using a
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transmitter known as the FTT-10. The use of the SNVT (Standard Network Variable Types)
standard contributes to the interoperability of LonWorks products from different
manufacturers.

KONNEX
We will not lose time talking about KONNEX, as most of the descriptions of "smart"
installations so far describe KONNEX, that is KNX installations.

MODBUS
Designed by Gould Modicon is not an official standard and is supported by most
programmable logic controllers. It relies on the Master/Slave protocol. It is very simple and
easy to use, so it is used by both controller manufacturers and manufacturers of building
installation equipment. It has become very popular because it is free. It is limited due to the
simple exchange of data and is therefore not used for more complex needs.

X10
X10 is the industry standard for communication between devices used to automate buildings.
It mostly uses power cables for communication, but now radio frequency communication is
also possible. It was developed in 1975 for remote control of home appliances. It was the first
home automation technology and is still widely available. Unfortunately, it is obsolete today
as it is very slow (around 20 bit/s). Due to its small set of commands and poor reliability, it is
useless today for use in automation.

ZIGBEE
The ZigBee specification describes the infrastructure and services available to applications
running on the ZigBee platform. It specifies a high-level communication protocol that uses
low-power digital radio signals based on the IEEE 802.15.4 standard for the needs of wireless
networks (medical devices, smoke and burglar alarms, building automation). The technology
itself is simpler and cheaper than with other wireless networks such as. Bluetooth. The most
powerful ZigBee node contains only 10% of the software contained in a typical Bluetooth or
ordinary wireless network, and the simplest only 2%. Arrangements are currently underway
between the ZigBee and the BACnet Commission to build a connection between the wired
and wireless open protocol.

DALI
DALI (DALIa, DALIb) is a digital communication protocol designed specifically for lighting
circuits. DALI is very suitable for making scenes and getting feedback on faulty lamps.
Therefore, it is very suitable in combination with building automation, where remote
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monitoring and service reports are required. DALI was introduced in 1999 by manufacturers
of electronic ballasts who wanted a standardized digital control protocol for electronic
ballasts. It is made so that it is very easy to install and configure. All actuators, controllers
and sensors are connected to each other with one communication cable. The DALI system
consists of electronic ballasts, switches, sensors, control interfaces and 1-10 V controllers.
DALI is not a building automation system but only a lighting management system. Of course,
the DALI system with use of different interfaces can be an easy (and cheaper) addition to
various building automation systems such as e.g. BACnet, Lonworks or KNX.

DMX 512/1990
The DMX 512/1990 is a digital data transmission standard for dimmers and controllers
operating in DC mode. It can manage up to 512 channels. Data is transmitted in packets.
Each package updates all built-in devices. Each package consists of up to 513 frames that
mark the beginning and end of each package. We do not access the devices directly, but the
information we send to the device is defined in a specific framework of each package.

The main reason for the success of the system is to define an appropriate communication
protocol and medium for transmitting information. The main actors in the field of building
automation are BACnet, Konnex and LonWorks, because they contain HVAC functions,
lighting, fire safety, security, ... Otherwise, DALI and low-power wireless technologies in
terms of lighting have some potential in the future.

DALI is globally recognized as the standard for digital lighting management. It is an open,
non-proprietary standard that allows for truly free control of lighting (individually, in groups,
or all together). The DALI system is easy to install, versatile and much more cost-effective
than other systems on the market, and offers even more functionality.

On the other hand, wireless technology (with little or no power consumption) represents new
solutions to ensure energy efficiency and reduce investment costs. In the last 10 years, many
radio frequency solutions have been developed for use in everyday life. Therefore, we can
expect reliable, robust, simple and secure wireless networks to be available soon to connect
devices in buildings, which will occupy a large share of the market. ZigBee and Zwawe are
working in this direction, although they are not yet well defined. In addition, there is no
effective tool for designing, installing, and troubleshooting this type of technology.

INTERNETNI PROTOCOL
Internet Protocol is the most important technology for the industry. IP networks are
distributed over the Internet, extranet and intranet. They work on a variety of media such as
optics, cables and wireless. It represents a powerful means of communication, but it does not
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specify exactly what the form of the message should be, which would be necessary for the
two devices to exchange information on e.g. temperature. The technologies that enable data
transfer via the Internet protocol today are LonWorks, BACnet / IP and KNX / IP.
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Heating

● Do not use ON/OFF heating actuators in bedrooms, as they can disturb your sleep
with their sound. Heating actuators must therefore have thyristor outputs, not relay
outputs.

● It is better to install valves that regulate the flow of water through an individual
radiator in the distribution box rather than on the radiators themselves, as some can
emit an annoying hissing sound during opening and closing, which can be annoying in
some rooms.

Motion sensors

● Intelligent motion sensors are relatively expensive compared to non-intelligent ones
(although they are among the cheapest among KNX elements). Although they work
similarly, their main disadvantage is their shorter lifespan. Their contacts fail in 2 to 3
years, so you need to replace them with new ones faster. If you replace them yourself
then it may be cheaper for you. If you are going to hire an expert for this, choose
intelligent sensors instead.

● You can also use alarm system sensors instead of smart motion sensors, but you need
to be aware of the potential dangers. The elements of the alarm system are not
designed to automate the building, so their power is sometimes not enough, which can
cause false alarms, failure of the alarm when it should work, ... Therefore, I do not
recommend using alarm system sensors for this purpose.

Audio/video

● If you decide to buy a really big LCD TV for a few thousand euros, you might
consider buying a large screen (which is lowered from the ceiling with the help of an
electric drive) and a projector. For the same price, you will get a picture that is 4 to 8
times larger than the picture on the TV. The size of the image will delight many,
although the biggest disadvantage of the projector is watching the movies during the
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day and is therefore more suitable for viewing in the evening or dark rooms (home
theater).
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● For operation of night lamps and table lamps. You only switch on these lamps when
you are within their reach, when you are sitting at a desk or lying in a bed next to a
lamp. Switching them on and off with the built-in switch is therefore no different from
switching them by pressing on a smart switch. This can be a hundred times more
expensive than a built-in switch. Their management only makes sense if the lamps are
included in the lighting scenes, so it is your decision whether to include a stand-alone
lamp that you have in the corner of the living room and is powered from a wall outlet
in the smart house system or not.

● In bedrooms and guest rooms where there are usually only one or two lights, there
may be no need for intelligent installation.

● If you anticipate that you will use a KNX element only once or twice a year, and its
price is let say around 250 euros, the purchase decision is entirely yours. Of course,
the line between cheap and expensive is different for each individual.
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6 MANUFACTORING ORDER OF KNX
INSTALLATION

Every electrical designer sticks to his or her established way of working, which he or she
believes is best for him or her. Let me introduce you to one of the possible ones.

It consists of four levels:

1. PHASE – Project making
2. PHASE – Elektrical cabinet
3. PHASE – Switches
4. PHASE – Sturtup

Necessary decisions and tasks of each phase of the project:

1. Project making:
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● Identify the wishes and requirements of the investor,
● Project design,
● Confirmation of the design from the investor,
● Installation of cables and devices in the building,

2. Elektrical cabinet:

● Selection and ordering of electrical cabinet,
● Installation of elements in the cabinet,
● Wiring the elements in the cabinet,

3. Switches:

● Choice of switches,
● Ordering the switches,
● Defining functions and programming the switches,
● Installation of switches and lamps,

4. Sturtup:

● Determining the correct operation according to the requirements (wishes) of the
investor,

● Fine-tune system operation.

6.1 P
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To create a KNX project you need:

● building plan (preferably in AutoCAD format) of all rooms with marked electrical
sockets, lights, blinds, radiators, underfloor heating ...

● the number (power), location and function for each lamp (on/off, dim) indicated in the
plan,
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● v načrtu označeno število in lokacijo vseh vtičnic (230 V, TV telefon, računalnik) in
vseh stikal,

● location, power and purpose of use of single and three-phase sockets that will be
powered or operated via KNX system (underfloor heating, mirror heating, access
heating to the building, fans, kitchen appliances (sockets), stove, air conditioning ...),

● possible location of electrical cabinets ideally somewhere in the middle of the
building (in the wardrobe, under the stairs ...) and the size of the cabinet (if it is one,
you need a space the size of an ordinary door),

● contact details of the architect and persons in charge of other areas (swimming pool,
heating, ventilation, blinds, air conditioning, alarm system, audio, video, telephone,
computer),

● connection power of the whole building (type of system, dimensions of the power
supply cable).

The project includes:

● building plan with marked electrical circuits of lighting, sockets, blinds, switches ...
● description of the method of laying electrical installations (special features),
● description of the control systems used in the building for lighting, heating,

ventilation, air conditioning, floor heating, external stairs, driveways, entrance doors
...

● description of control systems used in the building for garage doors, blinds ...
● a description of the control systems used in the building for the alarm system,

telephone, video, audio and computer network,
● plans of electrical installations and electrical cabinets
● information on the length and cross-section of the used cables.
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The electrical cabinet is the center of the electrical installation in/from which all electrical
cables are routed. From it we distribute electricity to sockets, lights and other electrical
devices. The KNX electrical cabinet contains:

● main switch for disconnecting the building from the main power supply,
● in larger buildings - a fire protection switch (the switch is located at the entrance of

the building), which switches off all circuits except the specified ones,
● voltage presence indicator - which signals the presence or failure of any phase
● short-circuit protection - one or three-phase circuit breakers are installed in each

circuit for protection against short-circuits and current overloads,
● indirect contact protection - RCCB switches for protection against earth contacts,
● surge protection - surge arresters,
● KNX elements - power supply, binary inputs, outputs, analog inputs, outputs, switch

actuators, blind actuators, heating actuators, LCD touch screens, communication
interfaces ...

● collector of protective wires - to which we connect all protective wires,
● collector of neutral wires - to which we connect all neutral wires,
● terminal blocks - for connecting phase conductors to devices.

Figure 37: RCCB Figure 38: Residual current circuit breaker RCCB, surge arresters

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



6.3 P
H
A
S
E
3

You have a lot of options when choosing the type and manufacturer of switches. The switches
must match your rooms aesthetically and functionally. All manufacturers of KNX equipment
also make their own switches of several types. Most often (but I don't do advertising) you
will find switches of the brands ABB, Berker, GIRA, Hager, Jung and Merten, if I list them in
alphabetical order. These manufacturers provide the highest quality equipment. Check them
out on their websites. In rooms that you use very rarely, you can use classic ordinary switches
or pushbuttons, which can be converted into smart switches with the help of the KNX
element binary inputs, thus reducing costs.

Figure 39:  Serial switch connected to temperature and humidity sensor
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Figure 40: S Serial switch connected as binary input to KNX element

The most important decision (besides the aesthetic appearance) is the choice of switches
according to what they have to allow us. So what functions need to be built into the switches.
Here are just a few of the usual ones (the required (recommended) number of keys for a
particular function is given in parentheses):

● switching lights and sockets on and off (1 or 2),
● switching the lights on and off and changing the luminous flux – dimming (2 or 1),
● blinds operation (2 or 1),
● opening and closing garage doors, entrance doors (1),
● opening and closing roof windows (2 or 1),
● dialing scenes (depending on the number of scenes – for each scene one key),
● turn off all lights (1)

Here are some more common examples of scenes:

● scenes: visiting, dinner, watching TV, listening to music, reading, resting, dating ...
● sleep: turn off all lights, lower all blinds, turn on the alarm system ...
● leaving the room: turn off all lights in the room,
● departure from home: turn off all lights, turn on the alarm, switch the heating mode

to economy mode ...
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● going on holiday: switching off all lights, switching off all unnecessary sockets and
devices, switching on the simulation of presence, switching on the alarm system,
switching on the garden watering ...

● lowering and raising all blinds,
● turn off all exterior lights ...

In the smart house you can control practically everything you want, but most often lighting,
ventilation, heating, air conditioning, humidifier, blinds, curtains, awnings, driveways, garage
doors, front doors, windows, skylights, heating external stairs, driveways path, gutter defrost,
alarm system ...

You can also control other things such as checking the low level of heating oil in the tank,
water spillage in the room, breaking glass, open windows and doors, movement in the rooms,
high level in the septic tank, fault in the operation of the water pump, fault in the heating
system ...

For each room (e.g. living room), you must first decide what you want to control in this room
or operate with this switch in the room, and then choose a switch with so many keys and
built-in functions that you will be able to do all this. Do not forget those devices in the
adjacent rooms or outside the house that you also want to operate from this (living) room.

6.4 P
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If you want to easily and quickly start and check the operation of the manufactured KNX
installation system, you must first know the system well. It is best to write everything down
accurately. You can help yourself with the following questions:

● Which key on the switch controls which device and how?
● What should happen when calling individual scenes?
● What functions do you want to control with the remote control?
● What features do you want to manage with your phone and tablet?
● What information do you want to send from the KNX system to your smartphone?
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● Which sensors affect which devices? - glass breakage sensor on alarm, window
opening sensor on heating, motion sensor on light or alarm, water spill sensor on
water valve and message on smartphone ...

● Should the KNX system also respond to external influences and if so, which ones and
which devices should it be affected by? - temperature, rain, humidity, wind, windows,
blinds, heating, air conditioning, ventilation ...

● What information should be displayed on the color LCD touch screen?

7 HOW TO SELL KNX SYSTEM

When selling a KNX installation system, we must pay attention to what we offer the
customer. We often present to the customer all the possibilities offered by the KNX system.
Once we have designed above-standard facilities, we can forget that for most homeowners,
even a small improvement in the operation of their building means a lot.

The most satisfied are usually those customers who have a built-in basic KNX system, as it is
such that it meets all their requirements. Maybe it’s just lighting control and a simple upgrade
from one thermostat for the whole house to multiple thermostats for each room separately.
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Most of them do not want to have an automated whole home, but are satisfied with a small
improvement in performance.

Of course, we must also pay attention to customers who have already had one or another
form of automation in their (previous) homes. Such customers need to be introduced and
offered all the benefits of the KNX system.
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When we start talking about the use of modern technology in buildings, one of the possible
procedures is to define the problem and then solve it. Let's look at two practical examples:

A young couple expecting a child is building a new house. When talking to them, mention
that you can set the switches so that they will turn the lighting on to different brightness
levels depending on the time of day, and not as with classic lighting, where most lamps light
up at full first. Then present a practical example such as e.g. controling of the child in the
middle of the night. We can not turn on the lights and stumble on one of the toys we didn’t
put away, or we can turn on the light and wake the child up completely. That way, we’ll have
less sleep that night. For example, we show the client what the advantages are if the lighting
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allows different levels of illumination at different times of the day. It is important that we do
not offer a solution yet, because it comes later.

Figure 41: Untidy toys

Another example is the case of a restorer renovating a bar. Since the bar is a business, the
owners are primarily aware of the price of renovation and not so much control over the
lighting itself. If we present to the owner at least one of the advantages offered by light
regulation, e.g. reducing the light to achieve a more romantic atmosphere in the bar, making
visitors feel more comfortable. If this is not possible, they will probably not return to the bar
often and there will also be fewer or lower tips. Higher tips, however, mean that employees
will work even better, which means better business for the bar.

Once you know the problem, ask the client what its positive consequences will be if you
solve this problem. You have still not offered a solution to the client, but he is already
considering the positive results that his cooperation with you can bring.

These are two very simple examples (customer problems), but in practice, clients usually
have a lot of problems, so look for them and highlight them as much as possible. If you
manage to solve them, both you and the customer have won.
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Figure 42: Za Satisfied client and contractor
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Usually customers do not have a sense of how much a smart installation of a building will
cost them. A direct response can trigger a negative response. By defining the problems you
can solve and by asking how much you would be willing to pay to solve those problems, the
customer gains an understanding of the value you can offer him. Now the only question that
follows is what the client can afford.

We still haven't offered them solutions, so it's important to take their problems to the next
step, where we present solutions and a price proposal to the customer. We need to remind
them of the problems and positive results that solutions can bring, before we offer them
solutions. In this way, we have many more chances to carry out the business.

If we take the time to research their wishes together with the customer, we will find out more
quickly and easily what kind of building automation they need and come to a realistic price
and thus satisfaction on both sides. With this, you present yourself as a trusted designer who
doesn’t just want to sell your service. This is how you stand out from the competition, as the
customer remembers you for exactly how you dealt with their wishes. Many times, they opt
for the provider that gains their trust, rather than the provider that has the lowest price.

So if you have managed to get a deal, you must now offer a solution as well.
The KNX system essentially provides flexibility, resilience and scalability, so we need to
keep that in mind as well, when we approach to design. If we opt for one line per floor and
one divider per floor, this allows for flexibility in possible later system upgrades. In the event
of a power outage, this outage would only affect this floor. So it’s always good to have some
reserves. Why not install a KNX switch with more keys instead of fewer, (although we don't
need them at the moment because I'll only be using lighting) and we can use the same switch
when later upgrading the blinds and heating control system?
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Figure 43: Multifunction switch

8 HOW TO CHOOSE THE RIGHT PRODUCTS

Before making the installation, it is good to think about the points mentioned below.

In most cases, during the process of determining the requirements and wishes of the client,
we determined which elements are necessary for the installation. There are many
manufacturers of KNX elements, they have very similar technical characteristics, but not the
same. How to decide which one to use. The simplest (or most difficult) is to choose switches
or sensors. Some manufacturers produce a very large range of switch shapes. The choice of
shape and design (and thus the manufacturer) of the switch leave to the client, you decide on
the other KNX components.

Figure 44: Dimming actuator
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Figure 45: Analog outputs Figure 46: Shutter actuator

Slika 47: KNX IP gateway

Slika 48: KNX powe supply
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So how do we choose the right KNX element (the right manufacturer) for our case?
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If we want to save the clients money, the most important thing is to find the cheapest provider
of KNX elements. Customers can quickly find a manufacturer online with a cheaper price.
For you as a designer, it is not only the purchase price and your margin that are important,
but, or especially, the manufacturer's support for you, as the designer.
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The client needs to be reminded of the proverb “more money, more music”. This does not
mean that there are not a few cheaper manufacturers on the market, but find out about them
beforehand. A good manufacturer is able to offer good advice based on his experience.
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If you change the manufacturer from project to project, you are doing more work to yourself.
If you have achieved good results and have good experience with the elements of a
manufacturer, then use only their products, except in specific cases such as if this
manufacturer does not offer some item that you need to fulfill the wishes of the customer.
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It may happen that, as a designer, a certain company offers you a better price or support, or
the client has explicitly requested that company. In this case, you will have to decide what is
more important, price, performance or something else.
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Documentation is also an important factor, as it is important not only that the documentation
contains all the necessary information, but also that the documentation is understandably
written. Think about what data you need and what you don't (simple electrical wiring
diagrams, ...).

9 INSTALATION AND START-UP

As a designer of a KNX installation, you can (only) hope that the electrician followed all the
plans and instructions to the letter and laid all the wires and cables in accordance with them,
which he also marked accordingly. He also installed all the switches and sensors in the right
rooms and in the right places, because otherwise the pre-parameterized elements (switches)
will turn on the right consumers, only the switches will be installed in the wrong places!?
Improperly laid cables, missing cables, unmarked cables that we don’t know where they end
up are every electrician’s nightmare.
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Figure 49: Correctly marked terminals in the distribution box

Properly marked conductors and terminals are a prerequisite for proper operation. However,
the assembly and commissioning of a KNX installation can be performed in various ways.
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Many clients and/or non-technical persons expect to see how the installation will be
parameterized and run on the facility itself. They thinks they will see how the KNX element
will be connected to the BUS bus, built into the switchboard and parameterized at the
installation site. In the case of the KNX system, this means that an individual address would
be determined on the object at the place of installation of the element, parameterized,
connected to other KNX elements via group addresses and loaded into the element.

This way of working is very annoying and takes a lot of time, as it is necessary to do all these
steps for each KNX element, which means a lot of running around the object and connecting
to each element with a laptop in hand ... Such a procedure is similar to at the time of the
business presentation just produced a PowerPoint presentation. This way of working is not
professional so I do not recommend it.

Figure 50: Not comfortable working desk
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If you want to avoid parameterizing each element separately on the object itself, you can
parameterize the elements and make connections between the elements via group addresses in
peace in your office. However, you will still need to specify individual addresses and load
everything together into elements on the object itself. This will get the installation up and
running faster. You will also avoid disturbing other workers at the facility and work much
more professionally. The other workers are just waiting for the lighting to work so that they
can finish their work.

Figure 51: KNX element in distribution box connected to BUS wire
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If you want to avoid running around the object from element to element, you must unpack
each element in your office, connect it to your (temporary) BUS cable (line), assign an
individual address, parameterize it and load it into all elements. By doing so, you have greatly
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shortened your work on the facility itself. This is especially welcome for items that are
difficult to reach in a building.

Figure 52: Connectors for connecting KNX elements to BUS line

9.4 P

A

R

A

M

E

T

R

I

N

G

A

N

D

S

T

A

R

T

-

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



U

P

I

N

T

H

E

O

F

F

I

C

E

If you have space in the office to connect all KNX elements to the BUS cable, you can do
absolutely everything in the office. So you can specify individual addresses, parameterize,
make connections to other KNX elements via group addresses, and upload them all together
in peace in all elements in your office rather than from a laptop at construction site. In this
case, you can also test the operation of the entire installation in the office and not on the
construction site, not to mention listening to your favorite music and drinking better coffee
than at the facility.
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Figure 53: KNX element and BUS connector

A great advantage of this way of working is that we separate programming from the
installation itself. If everything works as it should in the office, then the installation is to
blame for any malfunction. Therefore, the documentation and project management must be
very accurate.

In reality, projects require programming in both the office and the facility, especially since
projects are subject to change during implementation, thereby adding elements and changing
performance. The more tasks we can do in the office, the better.

10 ERORS AT FIRST START-UP

Solving mistakes and problems requires systematic access.

It is a great thing that in the end the installation on the facility works according to the wishes
and requirements of the client. I hope you were able to do most of your work in the office and
spend as little time as possible testing the program and the operation of the items on the
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facility itself. Of course, this does not mean that the installation works best, as it often
happens that (new) problems arise when you first start the installation on the building itself.

What are the most common problems or what are the steps to test and fix these problems?
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● First check that the BUS bus voltage is present in the KNX element by pressing the
programming buton on the element. If not, this may mean that the BUS cable is
broken or the element does not have a good enough connection to the BUS cable.

● If several elements do not work, this may mean that the connection is incorrect and
therefore all subsequent elements have lost the BUS power supply.

● Check that the power supply is not overloaded, as shown by the indicator on the front
of the power supply.

● Do the devices at the end of the BUS line work once and not the second time? Use a
voltmeter to check the voltage and recalculate the current required for KNX elements
to operate. 64 elements on one line is the maximum, and any of the devices may need
a current greater than 10 mA, which means that there may be correspondingly fewer
elements on the line. Also, make sure that you do not exceed the maximum allowable
distances between items.

Figure 54: BUS voltage measurement on KNX element

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



Check the voltage and current if the KNX elements at the end of the BUS lines are not
working as they should.
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● Did you make a loop with the BUS cable? Are you sure you didn’t? How sure are you
that you didn’t do the loop?

● If the KNX elements do not respond to telegrams, check the topology and check that
you have downloaded the last valid filter tables in them when using line interfaces.

● Verify that you are using the latest product database files or those that match the items
for KNX elements.

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



Figure 55: Website with manufacturer files for KNX elements

These are just a few examples that you may encounter when you first turn on the installation.

Figure 56: Voltage measurement in distribution box
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11 CLOSURE AND DELIVERY TO A CLIENT

Once you've resolved any installation and programming issues, check the following steps:

● check that all attachments are arranged and properly marked,
● double check that everything is working as planned,
● complete all documentation and add a printed report using the ETS program,
● back up the project.

At this point, the client will start using their installation and start asking you for changes in its
operation. This can mean easily and quickly changing the parameters of some keys, but you
must consider the following:

● there will ALWAYS be "just one more change",
● taking into account all the ideas of the client may cause the operation of the

installation to be too complicated to use,
● changes can quickly lead to major changes in performance according to initial wishes

and requirements.

Most KNX installation providers will be very friendly in case the client wishes any changes
in operation. The best of them will calculate the time for making these changes in the project
from the very beginning. If or when this process begins, it is difficult to draw the line and
determine when the project ended and when this changes require a new payment. Therefore,
it is necessary to have an open conversation with the client when the project was completed.
It is best to test and verify the operation together with them and then sign a statement that the
system is operating as specified at the beginning of the project.

In this case, you can easily distinguish between the original operation of the system and the
client's subsequent changes and easily switch back to the original operation.
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After handing over the project to the client, you can find out that you have earned well with
your work. Don’t spoil this with extra work because of the client’s desire to change
performance.

It is best to offer the client one year of system maintenance already in the project. In this way,
you enable a high level of servicing without the problems mentioned above.

Namely, it would be unprofessional to expect further payments for servicing the just made,
handed over and paid installation. It is true, however, that there is a big difference between
servicing a system that has been ordered and manufactured, and making subsequent changes
that will improve the usability and efficiency of the system. With the offered one-year
servicing, which is already included in the project, you can issue a new invoice to the client
after one year without a bad conscience for the changes made.

However, you should be aware that most problems with KNX projects, if they arise at all,
relate to KNX elements, not to the KNX system itself.
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Figure 57: Car service

The KNX system also needs service, just like your car.

What is covered in servicing can vary from provider to provider and depends on both the
project and the finances. The service should include:

● visit at the transition from summer to winter to control the operation of
heating/cooling,

● enabling remote programming and parameterization (internet) with the offered lower
price of an engineering time,

● discount on upgrades,
● the possibility of replacing the expired KNX element with new one,
● 24-hour help by phone and guaranteed response time,
● included minor software upgrades for KNX elements,
● lower prices for larger software upgrades for KNX elements that offer greater

functionality,
● settings of new mobile remote control devices (internet),
● design the system to notify you of errors and allow you a shorter response time.
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Figure 58: Element for connecting KNX installation ot the internet

Every project is different, you have to be aware of that all the time. But they all contain steps
that are the same for everyone. If you take the time at the beginning of the project to precisely
define the task, produce documentation and a description of the course, all further steps in the
project will be easier and the project will probably be more positive.

12 THE END OR THE BEGINNING

What you are going to read now could (should) be written down at the beginning, but I was
afraid it would drive you away from further reading. So you wouldn’t know all that you know
now. So even though you’re only reading this now, it’s no less important (to me).
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In the class where I teach, I have said the following words to the students more than once: "I
am probably the last to use my words and actions to advertise for the KNX system or their
organization." The reasons are purely personal. I am aware that most of the time, if not all the
time, I have been talking mainly or exclusively about the KNX system and its features
https://www.knx.org/knx-en/knx/association/introduction/index.php.

By no means do I want to convey that I recommend that the KNX system is the only system
that provide all of the above. Or that it is best at one or more of the features I mentioned.
Other systems also provide more or less the same features I told you about. Some even better,
some worse.
I don't just mean different systems from different manufacturers. Much of the above can
already be achieved by using conventional industrial controllers, which are otherwise used
primarily in the industry to automate industrial processes rather than to build a smart home. I
know of several instances where new building owners have crafted more than a great
example of a smart home using an industrial controller and a plain SCADA.

By using a controller and using different electric drives and sensors from different
manufacturers, you also do not depend on the existence of only one company (in case of
bankruptcy), which is one of the advantages of using the KNX system.

There can also be a big price difference between different systems. Many functions of a smart
home can also be achieved in a much simpler (read cheaper) way. Some, but really only
some, you have at home today. However, it is true that the KNX system is in my opinion the
best, my favorite, technically the most perfect, but unfortunately also the MOST
EXPENSIVE (financially, I think, not emotionally)!

Let me mention one last thing, and that is that all electrical schools in Slovenia have KNX
equipment at school and use it in class.

If you’ve come here and you’re still with me, you’re probably interested in all the other
things about the KNX system. WHAT !? Isn't that all? What the hell do you still need to
know about the KNX system, you wonder.

So far, you have realized what smart home systems allow you to do, followed by all the
technical things about the currently highest quality and standardized smart home system in
Europe and the world, that is KNX system.

So! The next few chapters are technical in nature, so some of you will avoid it. Of course,
you can "survive" even without them, but it would be good to review them anyway, as this
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will give you a better understanding of the KNX system. Maybe that's why you won't have to
go back later when a question or problem (challenge) arises in your work.

13 KNX SYSTEM
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Konnex was founded in 1999 with its headquarters in Brussels, by merging the following
three European associations in the field of intelligent installations:

● BCI – Batibus system (France),
● EIB system (Belgium) and
● EHS – European Home System Association sistem (Netherlands).

The task of Konnex is:

● promoting the new open KNX standard for intelligent houses,
● the establishment of the KNX brand as a symbol of the quality of products from

various manufacturers and
● establishing the KNX as a European standard.

13.2

T

e

h

n

Izvedba tega projekta je sofinancirana s strani Evropske komisije. Vsebina publikacije (komunikacije) je izključno odgovornost avtorja
in v nobenem primeru ne predstavlja stališč Evropske komisije.



o

l

o

g

y

K

N

X

/

E

I

B

In the case of the most widely used information transfer medium in KNX technology, the
so-called Twisted Pair 1 (TP1), we use a BUS conductor (2 x 2 x 0,8 mm2, KNX / EIB),
which is placed next to the 230V power cable. In this way, we reduce the use of conductors
(up to 60%), increase the number of possible system functions and improve the transparency
of the installation system.

Figure 59: BUS cable connected to KNX element
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This BUS wire connects consumers (actuators) and switches (sensors) and at the same time
provides power to the elements of KNX installations

Figure 60: Example of KNX installation: BUS cable and 230 V power supply

A central control unit (PC - computer) is not required, as each element of the KNX
installation has its own "mind", its own CPU. Therefore, we can use this system in both small
and large systems.

In addition to the above-mentioned TP1 medium, the existing 230V Powerline transmission
medium, KNX Radio Frequency transmission medium or Internet Protocol (KNX - IP) can
also be used for data transmission.

Table 5: Information transmission medium in KNX installations

Medij Prenos podatkov preko Področje uporabe
Twisted Pair TP1 two-wire conductor new installations, major

renovations; best download,
most features and elements

Power Line PL
230V Powerline

existing 230 V wiring where we do not want to lay
an additional wires; limited
number of functions

Radio Frequency RF radio communication
(868 Mhz)

where we cannot or do not
want to lay an additional
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wire; limited number of
functions

IP/Ethernet internet protocol at greater distances; remote
servicing
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Depending on the label located on the housing of the KNX installation element, the KNX
installation elements can be parameterized in the following ways:

● E-MODE (easy mode) – parameterization is performed without the use of a computer,
● A-MODE (automatic mode) – parameterization is performed automatically when

connecting the element,
● S-MODE – parameterization is performed using a computer with a program ETS

(Engineering Tool Software).

In practice is almost always used parameterization using computer with the help of the ETS
program!
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ETS is adapted to different types of users, from beginners to experienced users. Therefore,
there are several versions of ETS5:

● ETS5 Demo – free of charge, to work with up to 5 elements of KNX installation (0 €)
● ETS5 Lite – small projects, 20. elements of KNX installation (150 €),
● ETS5 Professional – unlimited number of KNX installation element (1000 €)
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A newer version of the ETS, ETS6, will be launched shortly.

The work with the ETS program is also shown at the end in solved cases, otherwise there is
also a so-called online classroom, which can be found on the official website of the KNX
organization https://www.knx.org/knx-en/index.php. It’s called e-Campus. When you
complete the tasks prepared there and achieve a result that is better than 80%, you get a
discount of 50 € when purchasing the ETS5-Lite program and a certificate that you have
completed e-learning, which looks like the picture below.

Figure 61: Certificate for succcessful completion of eCampus training

Alternatively, you can also access online trainings called Live Webminars, or watch them
later when you have time for it. With them you can get to know different segments of the
KNX system https://www.knx.org/knx-en/training/knx-eacademy/webinars/index.php. Their
good feature is that they are free.

In addition, the KNX organization also offers three types of seminars
(https://www.knx.org/knx-en/training/knx-certified-courses/index.php), which are taking
place at more than 350 locations across Europe, namely:

● basic seminar,
● advanced seminar and
● seminar for ttors.
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They are not free. The price of an individual seminar around 1300 € and lasts 5 days, the last
day is a theoretical and practical exam. At the end of a successfully passed exam, you will
receive a certificate that can only be issued by a company that offers such training. Until
2016, there was no provider of such training in Slovenia. Since 2017, it is also possible to
find one provider of certified training in Slovenia.
(http://www.elektro-pirnat.si/index.php/dejavnost/pametna-hisa/tehnicne-podrobnosti).

The same quality of education and seminars are also offered by some secondary schools in
Slovenia, but in the end they cannot issue you a certificate of completed education.
(http://mic.scv.si/).
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● increased security,
● lower energy consumption during the operation of the facility,
● an easy way to change the operation of the installation due to the wishes or needs of

the user,
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● higher level of comfort,
● installation of the future,
● a large set of KNX elements from different manufacturers,
● a large number of qualified installers and designers.

Example 1: Performing central functions - when leaving the building, all lights, water supply
and certain sockets (electric oven,…) can be switched off, the alarm system can be activated,
and external blinds can start working according to the time of day.

Example 2: In conference rooms, theaters and living rooms, we can include different lighting
scenes, depending on the activities that can be set by the user himself. In administrative
buildings, lighting control can achieve energy savings of up to 75% by using a single light
sensor on each side of the building for all rooms at the same time.

Example 3: The status of all consumers on the floor can be easily monitored using an LCD
display. In larger buildings, we use a computer with a visualization program instead of an
LCD.

https://youtu.be/qhGcK8vR_40
Video 9: Working with LCD displey

Example 4: By connecting the KNX installation to the internet, the user can influence the
operation of the building by using the mobil phone (lighting, heating,…). Alarm messages
can be sent to any telephone number. The KNX installation can also be serviced and
configured by the installer online.

Example 5: If necessary, using movable walls, a large conference room can be transformed
into several independent smaller rooms. The KNX installation automatically detects the need
for different operation of individual switches and associated luminaires in individual rooms.
The electrical installation therefore does not need to be changed.

Example 6: You can install any number of switches to turn on the alarm. At the touch of a
button, only the lights between the children's room and the bedroom can be switched on at
night, which turn off automatically after the set time.
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Example 7: The KNX installation enables heating and cooling control for each individual
room separately by creating heating and cooling profiles. The heating and cooling change
automatically when the window is opened. In this way, we can save more than 30% of funds
per year. The production of heat for heating can be controlled depending on the heat needs in
an individual room (heat is produced only when it is needed).

Example 8: KNX installation allows simulation of presence when we are not at home.
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The smallest KNX installation consists of the following elements:

1. power supply unit (29V DC),
2. choke (can be integrated in the power supply unit),
3. sensor (ordinary key or KNX switch),
4. actuator (switch actuator ),
5. BUS cable and
6. power cable (230 V).
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Figure 62: The simplest example of of a KNX installation topology

After performing the installation shown in the figure above, the KNX system is not yet ready
for operation. Before that, it is necessary to load an application program into the sensor
(switch) and the actuator with the ETS program, which will determine how the actuator
should work according to the sensor.

The designer must therefore carry out the following steps with the help of the ETS program:

● determine physical addresses of individual elements (to identify elements in the
KNX installation),

● set parameters (parameterize) and application program for sensors and actuators,
● specify group addresses, (to connect sensor and actuator functions).

After making the above settings, the installation in the picture above will work as follows:

● When left buton on the sensor with physical address 1.1.1 is pressed, it sends a
telegram containing the group address 5/2/66 with the value "1".

● This telegram is received by all sensors and actuators (in the above example only
two).

● Only elements with the same group address send a confirmation telegram on receipt
of the telegram and "read" the sent value and respond accordingly. In the above
example, the switching actuator with physical address 1.1.2 closes the contact (relay).
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When we press the right button on the sensor with physical address 1.1.1, a similar process is
performed, this time with the value "0", so the switch actuator with physical address 1.1.2
opens the contact (relay).
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In KNX installations, we use physical addresses to address individual elements. These have
the following form:

area [4 bits] – line [4 bits] – element [1 byte]

1.1.2 – area 1, line 1, element 2 (0001–0001–00000010)

example: (0 or 1) – one bit, (0110) – four bits, (10010110) – eight bits or one byte

The KNX installation element is ready to accept the physical address, which is sent to it via
the computer after pressing the programming buton located on the element itself. During this
process, the LED on the element lights up.

https://youtu.be/es9B4rHMkDY
Video 10: Pressing the programming button on KNX element

https://youtu.be/7eYXmYCN_sw
Video 11: Pressing the programming button on KNX switch
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Communication between KNX installation elements (sensors and actuators) takes place via
group addresses.

Figure 63: Example of 2 and 3 level forms of group addresses

In ETS5 you can choose one of the above ways of using group addresses (2 level or 3 level).
The most common is the use of a 3-level group address.

Group address 0/0/0 is reserved (as a broadcast message) for telegrams for all elements of the
KNX installation. The designer can decide for himself how he will use individual levels, such
as for example:

● main group – flat,
● middle group – function (ON/OFF, diming, …),
● "telegram" – consumer and function (lighting kitchen on/off, chandelier living room

on/off, bedroom shutter (up/down, …).

Once we get used to a certain way of using group addresses, it is recommended to stay with
this way in other projects as well. Actuators can receive multiple group addresses, and
sensors can only send one group address per telegram.
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Figure 64: Example of group addresses
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The following maximum BUS wire lengths are allowed in KNX installations (TP1):
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Table 6: BUS cables lengths

Power supply element of KNX installation 350 m
element of KNX installation element of KNX installation 700 m
the entire length of the BUS wire 1000 m
minimum distance between two power supply units on one line 200 m

14 TOPOLOGY
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Each element of the KNX installation (DVC - device) can exchange information with any
element of the KNX installation via the corresponding group address (telegram).

Figure 65: Line

There can be a maximum of 64 KNX installation elements on one line. The actual number of
elements on the line depends on the power of the selected power supply unit and the
consumption of individual elements.

If necessary, the line can be extended to 4 segments, and there can be 64 elements in each
segment (4 ∙ 64 = 255). Each segment must have its own power supply unit. We need
so-called line repeaters for that. This method is not used often.

If we need more elements, we prefer to make several lines and connect them to each other via
line couplers, thus creating an area. If we still need more elements, we can make segments at
the end of the lines with line interfaces.
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Figure 66: Line extension to four segments
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If we need more than one line or if the elements of the KNX installation are connected in a
different form, we can connect up to 15 lines to each other via the main line via so-called line
interfaces (LC - line coupler). Such a form is called an area.
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Figure 67: Area of up to 15 lines connected to the main line

We can also have up to 64 KNX installation elements on the main line. The maximum
number of elements on the main line decreases with each line coupler (or line) we have on
the main line. Each line, even the main line, must have its own power supply. Line interfaces
(LR) must not be used on the main line.
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The KNX installation can be increased by connecting up to 15 individual areas to each other
via the so-called backbone coupler (BC - backbone coupler).
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Figure 68: Multiple areas connected on the backbone line

We can also have up to 64 KNX installation elements on the bacbone. The maximum number
of elements on the backbone decreases with each backbone coupler (or area) we have on the
bacbone. In this way, we can have more than 58000 KNX elements interconnected.
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Physical addresses are used to identify the elements of the KNX installation and determine
their location in the installation.
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Figure 69: Physical (individual) addresses in the KNX topology

Table 7: Meaning of tags in physical addresses

F = 1 – 15 area code from 1 to 15
F = 0 code for backbone and elements on the backbone
L = 1 – 15 Code for line from 1 to 15 in area F
L = 0 Code for main line and elements on the main line
D = 1 – 255 Code for element from 1 to 15 on line L
D = 0 Code for line coupler
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Figure 70: Line coupler – purpose and addresses in KNX topology

Couplers are used as:

● Backbone couplers BC, which connect the backbone with the main lines of individual
areas,

● Line couplers LC, which connect main line with the lines and
● Line repeater LR, which serves to extend the line into 4 segments, each with an

additional up to 64 elements (and an additional BUS length up to 1000 meters).
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As already mentioned, BC and LC send forward only the telegrams written in their filter
table, while LR send forward all telegrams.

All three couplers BC, LC and LR are the same that is the same elements. How they will
work depends only on their location in the KNX installation and the physical address we have
assigned to them.
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Physical address

F L D

Table 8: Meaning of tags in physical addresses for BCU interfaces

used us for
> 0 = 0 = 0 backbone coupler backbone or main line
> 0 > 0 = 0 line coupler main line or line
> 0 > 0 > 0 line repeater line extension

By determining the physical address, we determine whether the interface will be the bacbone
coupler BC, the line coupler LC, or the line repeater LR. Physical address 1.1.0 defines the
coupler as the line coupler for line 1 in area 1. This line coupler controls the data on the BUS
cable between the main line and the line and vice versa. It leaves only the telegrams that are
written in its filter.
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15 Elements of KNX installation

Elements of KNX installations can be divided into three groups:

● sensors,
● actuators in
● controllers.
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The power supply unit contains a transformer that generates a SELV (Safety extra low
voltage) voltage of 29 V.
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Slika 71: KNX power supply

The KNX installation must have the following insulation:

● double insulation against other networks (telecommunications) and
● basic insulation against 230/400 V mains supply.

Figure 72: Insulation between different networks

BUS cable

YCYM 2 x 2 x 0,8 ali JY(St) Y 2 x 2 x 0,8 VDE 0815
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Figure 73: BUS cable and its wires

The TP1 conductor that meets the requirements of Konnex (YCYM 2 x 2 x 0,8 or JY (St) Y
2 x 2 x 0.8) can be identified by the KNX and/or EIB code. Only the standardized KNX/EIB
TP1 green conductor provides:

● maximum defined line length,
● the maximum distance between the two elements of the KNX installation and
● the maximum number of elements on the line.

The reason for these limitations is the resistance of 72 Ω and the capacitance of 0,12 µF on
1000 m of loop.

Useful two cores of BUS conductor:

● red – plus
● black – minus

Spare two wires of BUS conductor:

● useless or
● for other SELF power supply purposes

https://youtu.be/D7KUu_V5ezs
Video 12: KNX distribution box and BUS cable

Method of laying cables
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The requirements regarding the method of laying BUS cables for KNX installations are
essentially the same as for 230/400 V installations. The distances between the power supply
and BUS cables are as follows:

● If the power supply cable and the BUS cable are sheathed, then the minimum distance
between them is not prescribed so they can touch.

● If the power supply cable is not sheathed, so the wires have only basic insulation and
the BUS cable is sheathed, then the minimum distance between them is not prescribed
and they can touch.

● If the power supply cable is sheathed and the BUS cable is not sheathed, so the wires
have only basic insulation, then a minimum distance of 4 mm is prescribed between
them.

● If the powers supply cable and the BUS cable are not sheathed, so the wires of both
cables have only basic insulation, then a minimum distance of 4 mm is prescribed
between them.

Power supply

The power supply unit provides and controls the voltage of 29 V DC for the BUS cable, as
much as necessary for the smooth operation of the KNX TP1 installation and its elements.
Each line has its own power supply for the elements located on it.
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Figure 74: Berker power supplies

The power supply unit has a built-in voltage and current control and is therefore resistant to
short circuits.

The KNX installation element needs at least 21 V for its operation and represents a consumer
for BUS line with a consumption of 200 mW, except for some special elements that have a
higher consumption.

Distribution boxes

SELV circuits require double or reinforced insulation between 230 V supply cables and BUS
cables. Unshielded BUS cables must not come into contact with the power cables.

Links can be made in:

● Separate distribution boxes or
● in the same distribution boxes, which have two separate compartments, which provide

8 mm distances between the BUS and the power cables.

Installation in distribution boxes

The elements can only be installed in distribution boxes that have the possibility of screwing
the KNX element into the distribution box, but they must not be installed in distribution
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boxes in which the elements are mounted using wedges that are expanded by tightening the
screws. The distribution boxes should be 50 mm deep to provide adequate space for the
conductors.

Figure 75: Small distribution box

The installation of a KNX installation element together with a 230 V element is only
permitted with the prior permission of the manufacturer of the KNX installation element.

Figure 76: The manufacturer of the KNX element must be contacted for permision for such installation

All devices must be protected at all times from accidental contact of live parts, even when the
cover is removed from the housing.

Standardized connector for BUS cable

The connector is used for:

● connection of BUS cables,
● extension of BUS cables
● protection of the end of the BUS cables and
● mainly for connection of the BUS cables to the elements of the KNX installation
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Figure 77: BUS connectors

Connectors can only be used for KNX TP1 installations that is for BUS cables to avoid errors
in the connection of other electrical circuits.

The connector consists of two parts:

● PLUS contact – red and
● MINUS contact – black,

which are mechanically connected to each other. A maximum of 6 BUS conductors can be
connected to such a connector (without the use of screws - screwless terminal).
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Figure 78: Connecting KNX element to the BUS connector

The standardized connector allows the KNX installation elements to be disconnected from
the BUS cable without interrupting the BUS cable.
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If you managed to get to here, then congratulation is in place. There was quite a bit of dry
technical theory in this last part (believe me, there is much more to it). The following are
practical laboratory exercises. By solving four cases, you will learn the basics. This is what
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all needs to be done to be able to turn one lamp on and off in intelligent KNX installations.
Therefore, only four solved cases follow, namely:

● turning lights on and off,
● dimming the lights,
● raising and lowering the blinds and
● complete management of blinds.

These examples are prepared by literally holding your hand and guiding you through the
work (examples for dummies, but by that I do not mean you). If you have ever held a book
for dummies in your hand, then you will be able to confirm that they are really prepared
kindly.

Believe me, once you go through these four cases, or maybe solve one and the same case
twice, you will no longer think about what needs to be done and what is the order of working
with ETS program, but only what needs to be marked in the program (parameterized) to make
the installation work the way you want it to. With this basic knowledge, you will already be
able to solve more complex tasks with a larger set of different KNX elements, enabling
everything you have learned so far.

In solving the following cases, the elements I had available were used. Since you are
probably dealing with different items from other manufacturers, you will soon find that
working with your items is very similar to the work prepared in examples.

Figure 79: Work in Smart home laboratory
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