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Abstract: This paper addresses the problem of high electricity consumption in public buildings,
especially large buildings such as hospitals and others. By searching for the best solution to reduce
electricity consumption, the KNX standard was identified.

The KNX standard was proven to be efficient in reducing electricity consumption through a previous
study conducted by ABB. This standard was applied to a house and simulated on the KNX virtual

program.

This paper discusses the basic structure of the KNX standard, through which we can add many things
that make the building smarter and save electricity using hundreds of actuators and sensors provided

by this standard.
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Introduction

As a result of urban development and the
General Electricity Company’s failure to keep up
with this development and its cessation of
building new stations for nearly eleven years to
keep pace with this development and the
increased demand for electricity, this resulted in
the power being cut off for hours and sometimes
days. During this period, the General Electricity
Company began building new stations and
maintaining old stations. In contrast, it will take
a long time to achieve final stability. In parallel
with the process of station construction and
maintenance, electricity consumption can also
be reduced, especially large public buildings
such as hospitals and others that have
excessive and high electricity consumption.
From here, the journey of searching for the best
solution to reduce electricity consumption
began, which is called (smart buildings). Smart
buildings are buildings equipped with smart
devices that help optimize energy consumption

and reduce electricity bills.

Smart Dbuildings can reduce electricity

consumption in several ways, including:

Temperature control: Smart buildings can
analyze weather data and automatically adjust
the to  weather

temperature according

conditions

Lighting control: Smart buildings can analyze
lighting data and automatically adjust lighting
according to weather conditions and time of

day.

Control of electrical appliances: Smart buildings
can analyze usage data and automatically
adjust electrical appliance usage based on
weather conditions and time of day. It is
possible to warn about fire and take necessary

measures.

Review of previous research

studies)

(previous

The Paper is a by ABB company titled Energy
Saving with KNX Case Study. March 1, 2018.
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Summary: The first case study looks at student
accommodation, where KNX controls were used
for lighting, heating, ventilation, and energy
management. The lighting controls provided up
to 58% energy savings, and the heating controls
resulted in around 15% savings compared to
the property without controls, though this could
be as high as 50-60% with more efficient
heating systems. The integrated energy
management and visualization features also

provided benefits.

The second case study examines an office
building, where a complete KNX lighting control
system was installed. Compared to the previous
traditional lighting system, the new KNX system
provided 35% savings from presence/daylight
detection and 10% savings from dimming,
resulting in a total annual cost savings of over
£34,000. The payback period for the KNX

installation was estimated at 5-8 years.

The Paper concludes by highlighting that KNX
can provide energy savings of up to 40-60%
across various building systems like shading,
room control, lighting, and ventilation. It
emphasizes that energy efficiency is crucial for
addressing economic, environmental, and social
issues, and that KNX is an effective solution for

optimizing building energy use

The problem
The problem lies in the high consumption of

electricity in public and private buildings.

Research Objectives

Reducing electricity consumption.

What is KNX?

KNX, also known as Konnex, is an open
international building control standard. It is a
successor of three previous standards,

European Home Systems Protocol (EHS), Bati

BUS, and the European Installation Bus (EIB).
The KNX standard is administered by the KNX
Association which was founded in 1990. As of
June 2010, the KNX Association has over 200

manufacturing members. [1]

Principle of operation

KNX is a bus-based system. Devices
communicate independently without a central
computer or a control system. The
communication is accomplished by telegrams
transmitted on the bus. With the same bus
cable, the power is distributed to the bus
devices. Below an illustration of a simple KNX
system, the green line is the KNX bus and the
red line is a 230 VAC line. (Figure 1) [2]

e |

230 VAC ﬂ I

% b o

Fig. 1:Principle of 6peration.[2]

Data transfer media

The versatility of KNX is based not only on its
protocol, but also on the broad range of
available data transfer media. A bus can consist
of a combination of media described in this

section.

1) Twisted Pair Cabling

KNX TP is the term used when twisted pair (TP)
cables are utilized as a KNX-medium. Twisted
pair cabling is considered to be the best data
transfer medium for KNX as it offers free
topology. It is moderately low-cost and easy to
install as the devices can be connected to each

other without any hubs or switches. [3; 4]
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2) Internet Protocol

KNX IP is the term used when the Internet
Protocol (IP) is utilized as a KNX-medium. The
benefits of Ethernet as a data transfer medium
are: high bandwidth (100 Mbit/s), more or less

cheap components, and widespread use. [5; 4|

3) Wireless Network System (WNS)

KNX RF is the term used when the Radio
Frequency (RF) is utilized as a KNX-medium. A
radio network is a suitable option when a
twisted pair cable cannot be used as a

communication medium. [3]

Topology
In this paper, only topology for twisted pair

cabling is reviewed.

1) Line

A line consists of up to 4-line segments, and
each segment of up to 64 connected devices.
Each segment requires its own power supply.
The maximum length for a line segment is 1000
m, and the maximum distance between a power

supply and a bus device is 350 m. [2]

2) Area

If the capacity of the line is exceeded by the
number of the devices connected to it or if it’s
practical to divide the automation system into
smaller sections, areas can be utilized. It is
possible to connect up to 15 lines to a main line

with line couplers (LC). [3; 6; 2]

3) Multiple areas

Several areas can be connected to a backbone
line with a backbone coupler (BC). With a
maximum of 15 areas, more than 58,000
devices can be connected to the bus. By dividing
the bus installation into lines and areas, the
functional reliability is increased considerably
as every line has its own power supply, and the

lines are galvanically isolated. [3; 6; 2]

Line Topology
1) Length Limitations

The maximum length for a line segment is 1000
m, and the maximum distance between two bus

devices is 700 m. [5]

2) Power Supply

Each segment requires its own power supply,
and the maximum distance between a power
supply and a bus device is 350 m. [3]

3) Line Repeater

If a line needs to be continued with a line
repeater (LR) to a line segment, the maximum

total length of the line segment is 1000 m. [3]

Line 1

[P}

e

Fig. 2:Hierarchy, a line. [2]

Area Topology
1) Line Couplers

It is possible to connect up to 15 lines to a main
line with line couplers (LC). [3; 6; 2]

2) Device Limitation

The maximum number of 64 devices connected
to a main line is reduced by the number of line
couplers connected to it as they are counted as
devices. [3; 6; 2]

3) Timing Importance

If timing is critical for the automation system,
the main line should be implemented with IP
technology to provide a data highway. [3; 6; 2]
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Fig. 3:Hierarchy, an area. [2]

Multiple Areas Topology
1) Backbone Coupler

Several areas can be connected to a backbone

line with a backbone coupler (BC). [3; 6; 2]

2) Device Limitation

The maximum number of devices connected to
a backbone line is reduced by the number of
backbone couplers connected to it as they are
counted as devices. [3; 6; 2]

3) Data Highways

If the automation system is extensive, the main
lines and backbone should be implemented with
IP technology to provide data highways. [3; 6; 2]

Backbone
/I/ [BC2 |
’m Main Line

T 1
BC1

PSICH Main Line

P

Area 2

Line 1 Line 2 Area 1

Fig.4:Hierarchy, multiple areas. [2]

THE DESIGN

1. Locators

The first step is to make site previews and
identify public functions in each room, and this
is where the home map is used, and all the job
is located on the map. Each job is equipped with
a specific code that occupies the function, its
type, its place, sensors, push button and the
home equipment included in the project, and
compiles those functions on the excel paper so
that it can be easily sought at a later date.

Fig. 5:The home map.

Table. 1:The functions.

2. Hardware

In this research, I used KNX devices from ABB
for the target building, some of which are
necessary in each project, such as power
supply, line pairing and the Internet interface,
and others according to the functions and loads

required in the target building.

Programming
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This research was programmed by ETS software
and is an abbreviation for engineering tool
software, it is a specialized program used in
designing and configuring control facilities for
smart homes and buildings. It operates within
the KNX system, a standard for home and
building automation. Catering to different
project sizes, ETS offers different editions: ETS
Professional for comprehensive solutions, ETS

Lite for smaller projects, and ETS Demo for

basic needs.[7]

Fig. 6:ETS6.
1. building structure

After entering the program and setting up a new
project, we add the structure of the building
used in the project, the number of floors and

rooms in the target building.

Fig. 8:download the catalogue.

{§} Settings
About Catalog Updates
+ Automatically download catalog updates
Presentation I
Language
(e Content Selection
icensing
Market
E[SAPPS Saudi Arabia -
Display only products containing the selected product language
Online Catalog
+ Display only products of the following manufacturers
Data Storage
Name =
Connection Manager KG-POWER
KiloElec Technology
Troubleshooting Kluger Automation GmbH
KN Association
Shortcuts Pl
knXpresso
Label Printer KOPLAT
Kordz Group.

Fig. 7:Step 1 of building structure.

2. Add devices

In this step, we import the devices used in the
project, here I will import the devices used in the
project from KNX association so that I can
simulate later which is the same way in all
companies and the only difference is the

parameters I will explain later.

« - [ buidings E simulation + AddBudingPats ~ X Deete 4 |
[E Buidings ~ | [0 Devices 0 V" Funcions @ [ Buiding Parts 1 st (A sutaing P |
m.iy._;sr Serml b | Mo | Bt - Hlprghercﬂoru‘i
;D,mm:rddas Stmiays
v L simulation
v B pee =
~ l s B Conidors

2 Bedroom B Funcions

[ Bedroom (1)

2 Bedroom ()

B comdar

A Hathuy

W Kitchen

& Living room

& Mesting room

KTS srl

3. individual address

After adding devices, we note that each KNX
device has a unique address. The address that
identifies this device in the KNX network. This
unique address is called physical address or
individual address. The way that the Physical
addresses of the KNX devices are organized
define the topology of the KNX network. 16 bits
that represent Physical address are divided into

3 parts:

e 4 bits that represent Area number
e 4 bits that represent Line number

¢ 1 byte that represent device number [8].
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residential buildings. The device can contain

i v~ Fi i ] Buildi P 1 . . .
[l Deviees A7 — el multiple mass objects, and each group object

Security Address Room Description Application Program
1.1.8 control panal Binary Input Control : :

= 117 | comerat panat s has a unique group address that connects it to
14 1.1.8 control panal Blinds/Shutter Control . .

o CE | p—— ——— other devices on KNX buses. The Group Object's
L | 1.1.5 control panal Dimming A . . L

o= 1110  Bedroom (1) Kiix properties include its name, description,
| 1.1.9 Bedroom KliX

- L1 [ vinaloon) i priority, flags, data type, function, length, and
14 1117 Meeting room Klix

10 1.1.15 Kitchen Klix :

= 515 | e i group addresses. The Group Object can be
14 1.1.11 Bedroom (2) Klix .

= 1.1.12|  Corridor Movement/Presence Detaction linked to at least two group addresses, one for
0 1.1.13 Hallway Movement/Presence Detection 3

= 113 | control panal Switching sending telegrams to the bus and the other for
L | 1.1.2 control panal Switching

0 1.1.1 control panal Switching receiving from the bus [10]

Fig. 9:individual address for my project.

Buildings ~ | Of Group Objects 32 | W Channels 8  }f} Paramet
Buildings Ma Object Function

ES Dynamic Folders CH-1 : Movement Detected
CH-1 : Enable/Disable Moverment Detection
CH-1 : Presence Detected

~ El simulation

~ ject
El [Fre= CH-1 : Enable/Disable Presence Detection
4. Adjust the parameters e s
E= Bedroom CH-2 : Enable/Disable Movement Detection

CH-2 : Presence Detected
CH-2 : Enable/Disable Presence Detection
CH-3 : Movement Detected

E2 Bedroom (1)

When adjust the parameters it identifies the B3 Bedroom (2),

"Group Objects" available to the device on the ~ B Cormidor CH-3: Enable/Disable Movement Detection
€3 - Presence Detected
KNX network, and also allows to adjust the ~ Lal Hallway CH-3 : Enable/Disable Presence Detection
’ [F] control panal CH-4 : Movement Detected
behavior of the device on the network. For Chtst:lbrable/Disable Movement Detection
° 2 23 CH-4 : Presence Detected
10 1.1.14 KX.tp (D4) -
al34 CH-4: Enable/Disable Presence Detection

example, if you have one push button that Flg 11:Group Object for movement sensor.
supports three functions for buildings:

g . . 6. Group Addresses
switching, dimming and shutter, the button

function is determined by a parameter called
'function’, and this parameter is adjusted via

the device parameters dialogue in ETS [9].

Group addresses and their role in the KNX
network are critical to the logical and semantic

performance of the devices. Physical addresses,

unique to each KNX device, are fundamentally

[l Group Objects 18 M Channels 8  Ii} Parameters

different from group addresses. Group

119 KX.tp (D4) > CH-3 > Canfig CH-3

addresses provide logic and meaning in the KNX

Room Temperature Function : Blinds/Shutter - Feedback (black/yellow/red) -
te network, enabling devices to interact and
+ CH-2
—— communicate efficiently. It is important to
Config -3 understand the different structures of group
> G titles, such as level 3 structure, level 2
+ CHS
y— structure, and freely defined structure.
+ CHT =~ HE Grouws mdaa
+ ou i
. o
Fig. 10:when adjust the parameters for push 8 orara
button are four cases: switching, dimming, B ol
shutter, scenario. ] i 537%
SEns
mezar
A
. s
5. Group Object o poal
B osne
3 o/a/20
After setting the parameters you will notice a e
P
o p
change in Group Object which is a data point BE o
= poid
=z e

representing a specific function of the device, Fig. 12:when add group addresses for bed room

1 it differs from the rest of the rooms in number
only.

such as the relay of switch operator. It is part of

KNX standard automation of commercial and

ICSELibya-2024 260



Design and simulation of a smart home using the KNX standard ........................ Al-Mutasim Billah Ali

7. Connect the group objects with their
group address

Can link a Group Object to a Group Address by
dragging and dropping the object onto the

address or vice versa.

[ Group Obiecs 7 i Parametes B sea | e ’
Number * Name Object Function Descripion Group Addres Length € R W [&] Group Addresses o
(%) usBstp 02)- i1 B DynamicFoldes
T (SR Tiove e T € - W v B Osimation
T 7] C- W g
B 0 meetng oam
o2 -1 Postan Toyte C - W ;
F TR T UW T C - - B Uity
(3] 119 (DY - CH3 B G2tcog o
2 ChH-3 - Binds Contl: Move____ Nove 132 Ty - - BB 0Bbedrom

B 1310 Switching on/offtv
B8 0341 Swiching on/off ai concitions

\ B 032 Mave
B8 02 SepiSiop
2 073/ Shutter feedback

Fig. 13: example for link a Group Object to a
Group Address for bedrooml link shutter
control with push button.

(=]

(CH-3 - Blinds Control: Feedback  Stutter feedbac (/34 1 byte|

THE SIMULATION

KNX Virtual

The simulation process is done using KNX
Virtual is a Windows-based application that
simulates a KNX installation. It is designed to
help wusers get acquainted with the KNX
technology by setting up a simulated KNX
installation, for free. The application represents
more than 10 different types of KNX devices, all
connected to one TP line. These KNX devices
operate upon a number of ‘building loads’ like
lamps, dimmable lamps, blinds, heating &
cooling valves. KNX Virtual also makes it
possible to experiment (rehearsal) with more
advanced Dbuilding features like weather
modules, alarms, scenes and even logic

operations.

KNX Virtual doesn’t require any investment in
hardware (such as power supply, USB or IP
interface, KNX devices) as you will work with

virtual devices, commissioned by ETS. [11]

e Stepl

o 733 fr Toagle Use forthis Project X Celete (4= impot [ Dipot
& IP Tunneling
BT
Ty
it

27eat
e
ol

Network Accrez Trerssnan
Conewst using NAT e

Fig. 14:Step 1 connect ETS with KNX Virtual.

e Step 2: we download the device we want
to emulate by choosing from the
download list download all.

P project Graduat... %

e o [ ez H poecGodsont B AST ] Muitple slection (6 foasa v X Dsete & Dowioxd v | o 0

[ suikings | 08 Grown Otjects 20 0 Cramnes 48 Y Frmenss B seach
B s Huombo {Norme | Gbjoct Fanction. | Dmcrpton Gucnp A Longh € B W T U Dt Dokt Pl
B DremicFdes (121 K00p D4 Bomriond iivetun dress
o B prjec rhumion 1[I ——— e wmoc T
vEs B On SwtnbgonoRscomstmer 031 (bt C - - T - ;b Oremense s s
21 Mo W b C- - T - wn
< £ saream 1 e pr o S g ey
w e e
B2 sedrzom 2 L H] xS TEt O - B8 1oo0
P2 o e C -
] o Thye C - b Pend
B aws e o -
s a3 em
~ [] CONTROLPANAL |13 030 by C - 7
Hirocipm st o it C - -
M isssason. (2 o eme o -
EXNTENTIOI [ @z T o
o aae e C -
1110589 011 (g ATy
1 s (g T
48 e O it sk et 020 1ML
19 5Ata ©N BT
100 prsenee 080 1h € - W - kh
N0 movement OB THE €. W - ik
s snd jrm— G bane ok ¢ soen

Fig. 15:Step 2 devices download from ETS to
KNX virtual.

After pressing download all, the program will
ask me to press the programming button for the
device in the KNX virtual, and it will ask me
every time I get up download press the

programming button.

| & wstitcn/Cortiguitin - 0 XK ciw Baev | By 00 8-
B | B opertss
sepem |0 |odew  |us  [omcvten Pogresin | ste 4 L B8 Grougs
T o T O C=om O
(X3 L Co g cmar forward I & find znd Reslace:
R R T I I
ECS Someg e = OO B Vorkspaces
EECT T e S
ST o 1
e v e D o
3 S e [
TR pes = D 7 iy
| = [iow e it ST v
= s
Er R N O T I § 115540 0701 CoNTIOL A
N T o [
o [ws [ [mmome [ [
El Vil Vb At Unkades |15 s DR Dmnkliihy
ERET o o [ [ 112 5t 0102 MR PR
EINED) e s D [ [ o
i LD Sy vl Mok ks |15 d
ETT) e e [ [ (g H1uche g vaw Leovmol i)
EED T o D [Sr—
o [rcw o G [ s e o s
o [iEs o S [ [
) Ao Cootraler Unioades  [18 s RSN ING
2w o G i[5 ['5 o"'"-vw"w'mu
EES R’ e

Fig. 16: pressed the programmlng button for the
device in the KNX virtual.
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Fig. 19:device; download for bedroom 2.
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Fig. 20:bedroom 2 simulation for each of the:
scenario control, binary input control (there is a
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Fig. 21:bedroom 2 simulation for each of the:
scenario control, binary input control (there is a
fire).
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Fig. 24:bedroom 3 simulation for scenario
control.
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Fig. 32:when there is movement and presence

in hallway and there is a fire.
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Fig. 33:when there is movement only.
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Fig. 34:devices download for corridor
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Fig. 35:when there is movement and presence

in corridor and there is a fire.
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Fig. 36:when there is presence only.
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Fig. 38:meeting room simulation for each of

the:1- switch actuator 2-dimming control 3-
blind /shutter control.

ICSELibya-2024

264



Design and simulation of a smart home using the KNX standard ........................ Al-Mutasim Billah Ali

oe o
B a1 a3 cht 1 a5 ar

oo

& a2

s - a2 a ar o
o= S - - - - -

M ]

2

I
=
s
g
&

b

s ahs e S

Fig. 39:meeting room simulation for scenario
control.
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Fig. 40:control panel

Conclusions

Automation can provide useful functions for
buildings. The most important functions are
those that can save energy and provide security,
as a building automation system, KNX has

proven to be a very excellent choice.

KNX has been around since a long time and they
have become a standard. There is a wide range
of products offered by more than 500 factories.
Minor modifications can be easy to do because
they may not need any wiring just

reprogramming.

This search was implemented on an apartment

that includes all the devices in it. Those

functions were programmed on the ETS6
program, a simulation of the functions was
performed to ensure that the programming was
done correctly and the results were satisfactory.
A design was made for the control panel with
some connections for explanation using
AutoCAD. I had a lot of difficulty, including the
lack of information, especially in matters of
programming and linking to the simulator. I
hope that the project is simple and helps to

understand this system.

Recommendations

We strongly recommend that state institutions
adopt this standard in all government buildings
because it has many advantages that state
institutions lack, the most important of which
is the provision of electricity and that special
laboratories be provided for this standard in

colleges so that it can be studied in practice.
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