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DALI Compatible Smart LED Driver
Controller with Wi-FI Communication

Nazmi Ekren and Bunyamin Sogut

Abstract— DALI (Digital Addressable Lighting Interface) is
one of the communication types commonly used in smart LED
systems. Energy savings and user comfort can be achieved by
making scenario definitions for LED drivers. In this study, the
design of the LED driver controller, which is controlled via Wi-Fi
communication with the user interface supporting the DALI
protocol, will be mentioned. Communication of the developed
controller with the user interface will be carried out wirelessly.
Wi-Fi has been preferred. The hardware part of this developed
system consists of a processor-supported control circuit, a
communication unit circuit and DALI hardware circuit parts.
The designed smart LED driver controller can fulfill the
standard requirements of the DALI protocol. It converts the
command information received over Wi-Fi to the DALI protocol
and provides control of the LED driver. The control device will
be controlled and monitored via smartphone, computer, tablet,
and web. In conclusion, with the commands given from the user
interface, the LED driver turns on/off the light,
increases/decreases the light intensity and similar commands
available in DALI standards are controlled.

Index Terms— DALI Protocol, LED Driver, Smart Lighting,
Energy Saving, Wi-Fi Communication.

I. INTRODUCTION

NERGY SAVING is using less energy by changing

behaviors or habits. Energy efficiency using new
technologies without reducing quality and performance, better
it is the provision of living conditions. Energy efficiency
should be increased to use limited energy with better quality
and to provide a more economical structure to enterprises. So,
it is necessary to analyze the energy in every aspect. LED
lamps consume 90% less energy and are produce lighter,
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compared to light bulbs. In this way, they help to achieve
energy savings [1].

Many automation and smart technology solutions are used in
the field of energy efficiency and saving. The most effective
solution for the development of smart lighting systems is the
use of universal protocols. One of these protocols is DALI.

DALI is a concept that stands for a smart lighting
management system that provides increased energy savings,
easier installation and maintenance, and maximum control and
retrofit flexibility in a completely open standard. DALI is not
a single product. It is an industry-standard protocol that allows
the seamless mixing and matching of DALI-compatible
components from different manufacturers (ballasts, control
systems, sensors, controllers, switches, etc.) into complete
systems [2]. Wireless technology has been identified as a
promising wiring and communication alternative for building
systems. Low cost and less complexity, as well as increased
flexibility in wiring, are the main advantages of wireless-
enabled systems over wired counterparts [2].

To control the LED drivers that support the DALI protocol,
a master controller is needed, which is the requirement of each
communication protocol [3]. Controllers serve to transfer the
situations desired by the user to slave devices. Commands to
controllers are usually sent via a user interface. Human
interaction is also provided by the application tier via
graphical user interfaces (GUI) [4]. For commands to be sent
to the controllers via the user interface, communication is
needed between the computer and the controller. This
communication is divided into 2 groups, wired or wireless. In
the study, the communication between the user interface and
the controller is carried out wirelessly using Wi-Fi
communication.

In this study, the product to be presented to the customer
who provides remote control of the DALI communication
protocol is aimed. The working output is the product, and it is
planned to remotely control the LED drivers that support the
DALI communication protocol. A DALI protocol controller
with Wi-Fi support has been made. Thanks to this device, 64
DALI-supported LED drivers on the line were connected to
the DALLI controller, which is the output of this study, and the
control was made. With these controls, it is possible to
remotely control the device by connecting to any Wi-Fi line
by making a DALI line connection in the environment where
DALI-supported LED drivers are located.

The final output of the study is a product designed with
hardware and software. The WEB page has been designed for
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testing this product. It is possible to access this WEB page
from any platform with an internet and internet browser, such
as a computer, tablet mobile phone and it is possible to control
the LED lighting from anywhere desired.

Il. RELATED STUDIES IN THE LITERATURE

20% of the consumed electrical energy is spent in industrial
enterprises, 30% in stores, and approximately 40% in offices
for lighting purposes. The share of lighting in energy
consumption and energy expenditure is the largest item after
heating and cooling systems. Considering that the electrical
energy spent on lighting in buildings created with a modern
understanding is about 60%, the importance of energy saving
in lighting is better understood. The next step is to check the
lighting. Lighting control, which will be carried out using
appropriate control techniques and systems, should create
lighting that can be suitable for each element working in terms
of the amount and quality of light. By automatically
controlling the lighting, it is also possible to manage
consumption and expenditure more effectively by actively
saving energy.

Bellido-Outeirino F. J., Arc. [5] his work focuses on the
integration of DALI devices into wireless sensor networks to
use energy effectively. Since different manufacturers are
usually interested in one aspect of building automation, the
building automation system offered to the end user has an
integrated building management system and different sub-
communication systems. Their main purpose is to provide the
end consumer with an economical, fully centralised system in
which automation systems are managed by IEEE 802.15.4
based wireless sensor network [5].

In the study conducted by the Moeck M [6] et al., they
focused on the development of a prototype in a WSN network
(Wireless Sensor Network) that also integrates the DALI
protocol. Since DALI is a communication protocol standard
that has been used for many years and is highly preferred by
manufacturers, it is quite easy to find DALI compatible
devices. This is one of the biggest reasons why they prefer [6].

In Bellido-Outeirino, F. J Arc’s [7] work, he uses IEEE
802.15.4 networks with WSN to control DALI devices.
ZigBee for working directly on the PHY (Physical Layer) and
MAC (Media Access Control) layer of IEEE 802.15.4 [7]
instead of using it, they decided to implement a WSN based
on IEEE 802.15.4. Due to the lack of an interoperable protocol
between different manufacturers, they did not prefer to use
ZigBee.

In the study of Man-Lin Wu [8] et al., they focused on
software development of the DALI master and DALI slave
equipment manufacturer, while general lighting manufacturers
focused on purchasing commercially available options to
reduce individual costs and business development time.

In a study conducted by Delvaeye et al. [9, 10] in Belgium,
they stated that the electrical energy savings in the lighting
system of a DALI-controlled open-loop system are 46%,
based on a one-year measurement.

In the study conducted by George K. Man [11], they have
made a low-cost, low-power, efficient DALI LED driver
controller based on Raspberry, which is open source. The Pi3
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microcontroller was developed as a prototyping platform,
control software and Linux kernel.

In the study by Jingyu Liu et al., [12] they used the DALI
protocol to communicate the controller with LED luminaires.
The simulation results show that an uncontrolled lighting
system can provide sufficient illumination. The lighting
system has determined wider controllability in order to ensure
that the lighting environment operates in the most energy-
saving way. The experimental results show that significant
lighting energy is obtained by using the designed controller.

In the study conducted by Niko Gentile et al., [13] lighting
systems were also used in places where daylight was
insufficient, thanks to the increased control capabilities with
LED technology. The use of daylight in integrative lighting is
currently very limited.

In the study by Zhong Chen et al., [14] they worked on the
DALI protocol by adjusting the LED light in busy places.

In the study by Mary Ann George et al., [2] they designed a
lighting system with two dependent microcontrollers using a
temperature sensor and a motion sensor by creating a photo-
sensor interface with wireless technology.

In the work done by Oscar Osvaldo et al., [15] a bridge is
created between the DALI bus, providing the necessary timing
for the hardware and MCU selection of the DALI protocol,
bus bits, Manchester coding and frame formatting.

It was implemented by Francisco Bellido-Outeirifio et al.
[16] by integrating the DALI protocol with the advanced
control system on the lighting system. Although designed for
lighting control, DALI has also been adapted to other
applications, such as the following. HVAC, motor, or fan
controllers etc., the automation system that allows monitoring
and control, which is part of the system, has been used in
applications for the end user and energy efficiency.

In the work by Gil-de-Castro A et al., [17] the term smart
grid refers to a fully modernized electrical distribution system
that monitors, protects and optimizes the operation of its
interconnected elements end-to-end. Smart Grid is expected to
affect all areas of electric power systems, productions,
distributions, end consumers, citizens, electric vehicles, street
lightings and other home devices. There is a great potential to
renew existing old street lighting and save energy
consumption.

In the study by Domingo-Perez F et al., [18] a new remote
management system for street lighting is presented. The
management system was implemented using a wireless
communication system and a lighting control protocol. It
focuses on developing a street lighting management system
using wireless sensor networks and DALI ballasts, and
experimental results obtained from various tests are presented.
To test the network and obtain the results, they implemented a
JAVA-based SCADA (Supervisory Control and Data
Acquisition) interface. The user can send a command to the
PAN coordinator using this interface; the coordinator sends
the selected command to the selected node.

Nowadays, some smart lighting applications can be made on
mobile phones. Samuel Tang et al., [19] developed an
algorithm by using the smart lighting system application, the
daylight on the smartphone, and enabled the lighting system to
be controlled wirelessly.
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The system designed by Tullio de Rubeis et al. [20] is
based on a mountable smart control unit and lighting control
devices. The installation is non-invasive and does not require
any modifications. Communication Provides communication
between each lamp and the control system via 2.4GHz
wireless protocol.

T.W. Kruisselbrink et al., [21] on the other hand, tested
using two alternative brightness-based lighting control
algorithms. In algorithm 1, the goal is to maintain desktop
lighting. If it is algorithm 2, the goal is to maintain the
predefined stage lighting.

The study by Ivan Chew et al. [22] focuses on energy-
efficient, commercial and advanced smart lighting systems in
smart lighting technology. In addition, the review of smart
lighting connection options and their potential are discussed.

Kim D. In the study by H et al., [23] the modern lighting
control system heralds a radical change since the development
of LED lighting and the universalization of the Internet. An
advanced lighting system starts to be controlled anywhere at
any time without time and space restrictions via the Internet,
and the ambient light can be controlled automatically
depending on the environment. In addition, lighting controls
began to illuminate the room as a single unit, and wireless
communication began to be used instead of the wired
communication technologies described for individual lighting
control. In the study, lighting control system using wireless
technology and lighting elements that should be considered by
applying ad hoc mode or infrastructure mode of wireless
communication technology are summarized. In this study,
performance factors for wireless lighting control networks are
studied. Some factors, such as latency, packet loss and the
number of nodes are also as important as the traditional
wireless communication network. But it is not as important as
others, such as power saving and mobility. Problems such as
improving communication broadcasting remain a challenge
that needs to be solved.

In the study by Han Zon et al., [24] a study was conducted
with the aim of reducing energy consumption while
maintaining the lighting comfort of the building occupants.
Using WinLight by existing Wi-Fi infrastructure, a suitable
dimming command is calculated for each lamp of a lighting
system. For this, a control algorithm has been created. A
centralized lighting control system assigns these commands to
a regional gateway, and occupancy-oriented lighting control is
achieved by locally activating the brightness adjustment.

In the study carried out by Qiu C and his colleagues, he
presents a wireless control system for visible light
communication (VLC). It is equipped with BLE (Bluetooth
Low Energy) SoC (Security Operations Center) to support
iBeacon. VLC data/frequency can be easily configured by
smartphone. This combined beacon/lighting/VVLC function
helps to reduce the cost of beacon placement and improve
indoor localization accuracy [25]. The underlying
communication technology of iBeacon is Bluetooth Low
Energy. It transmits a signal with only small bits of data,
typically a unique identifier. This allows mobile apps
(Applications) to Decouple between beacons and act when
necessary.
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In the work of Zheng Z. et al., [26] visible light
communication (VLC) technology uses light-emitting diodes
(LED) as a medium to enable high-speed communication. The
information is transmitted in the form of binary data by
modulating the intensity of the LED light. As a new type of
highly effective location-based technology, it is currently
receiving great attention. In these two studies, it was
integrated into a single system based on Bluetooth SoC. This
compact system provides accurate location inside spaces and
provides a flexible configuration in system parameters.

In the study of George M. et al., [2] a photo sensor,
temperature sensor and occupancy sensor interface were
installed on the Master CC2531 USB Dongle. By sending
control signals to two dependent microcontrollers (CC2531
USB Dongles) using these sensor inputs, it has been enabled
to control the ballast in two different regions using ZigBee
Communication.

Michael Kent et al., [27] for energy efficiency, processed
real-time lighting data with sensors that transfer to a light
control controller, and controlled whether daylight provides
more illumination than required or desired.

A smart LED luminaire was designed by lvan Chew et al.
[28] in this fixture; the LED driver consists of LEDs, ZigBee
module, microcontroller and sensors. By creating an interface
with the wireless communication module, the ambient light
level was controlled.

In the study by Michael Papinutto et al., [29] as a result of
current research they mainly focused on energy saving and
automation mostly does not allow customization. In this case,
users have developed strategies themselves to bypass
automation.

In the study by Nima Hafezparast Moadab et al., [30]
advanced and integrated lighting technology control, including
an internet-based network, can be made for data
communication used by lighting systems. Different scenarios
have been developed by conducting this light simulation study
in Sweden. The result of the study shows that the appropriate
use of smart lighting solutions, including optimized sensor
applications, has the potential to generate savings. Electric
lighting energy consumption compared to non-smart systems,
energy savings of more than 50% have been achieved.

L.T. In the study by Doulos et al., [31] the energy efficiency
of LED luminaires is much better than others. Although the
power factor values of luminaires with T5 fluorescent lamps
are lower, they are pale.

When the differences between the other studies in the
literature and this study are examined, the studies in the
literature are generally suitable for automation systems. It has
been seen that multiple sensors are remotely managed systems
with wireless communication protocols for large businesses.
These large systems are quite costly. In this study, the main
purpose is to make DALI communication protocol supported
master device. With this study, an interface was developed,
and master device control was provided. The simple structure
of the interface provides ease of use and low cost for
customers.
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I1l. MATERIAL AND METHOD

The modern lighting system is not thought out independently
of the controls. It allows for ensuring the regulatory
parameters of the light environment with minimal energy
costs. Various solutions can be used to control the light
current. The protocols used in these systems are analogue 0-
10V control, DMX512 (Digital Multiplex) protocol, RDM
protocol (Remote Device Management), KNX (Konnex)
protocol, Modbus and one of the most common ones is the
DALI protocol [32].

A. The DALI Protocol

DALI is a communication protocol developed for lighting
systems in accordance with the IEC 62386 technical standard.
Devices working with the DALI protocol send messages to
each other over the DALI line in a wired way [33]. The DALI
protocol is used for communication between the master device
and the slave. DALI is compatible with LED drivers provides
energy saving in lighting systems with high efficiency. The
DALI communication system consists of at least one controls,
one DALI-supported LED driver and one power supply to
supply the DALI line. The master can send commands and
control all the lighting hardware in the DALI line individually
or in groups [34].

In this study, commands will be sent to the controller via a
user interface. However, in DALI systems, the controls do not
have to be a user interface. The intensity of the light falling on
the sensor is measured according to the illumination level of
the environment. The sensor connected to the DALI line sends
commands directly, and the sensor can control a lighting
device or a group in a slave state [35].

The address information of the DALI LED driver devices
and grouping information are made with the commands that
will be sent to the LED drivers via the DALI line. In the DALI
communication system, each lighting device has an address
between 0 and 63. In other words, a DALI control device can
control up to 64 drive devices [36]. In the case of using more
LED drivers, controls should be used once for every 64 groups
and their controls should be performed separately.

If we look at the general automation system structure in
Figure 1, communication is used between the DALI controller
and the lighting hardware, while Wi-Fi communication is
selected between the control device and the user interface
software. Depending on the control device, a different method
can also be selected instead of Wi-Fi [8].

Fig.1. General Automation System Architecture.

Electrical characteristics of the DALI controller There is a
double-wired connection between the DALI drives. A bridge
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diode is used at the input of the DALI circuit for protection
purposes. The purpose of this is a precaution taken even
though the team making the installation in the field
environment makes the connections in reverse. There are no
polarization restrictions due to this bridge diode. There is no
positive or negative direction status for the cable that provides
data communication [37]. A signal mark above 9.5 V is a sign
of a high level. A signal less than 6.5 V is a low-level signal.
The main control unit communicates with the DALI-supported
LED drivers by setting the level to high or low according to
the DALI protocol [34].

POWER SUPPLY AILED
I | &P DRIVER
DALI LINE
DALI || DALILED
DRIVER

CONTROLLER
Fig.z. DALI Connection Diagram. A

Logic 1 and logic 0 values are used when making DALI
communication. For DALI communication to be successful, at
least one control, at least one DALI-supported LED driver and
power supply are needed on the connection line, as shown in
Figure 2. Since the DALI devices do not supply the
communication line, the DALI line must be short-circuited to
set the voltage level on the line to logic 0. But since a short
circuit during switching for communication will damage the
DALI hardware, according to DALI standards, the power
supply must allow a maximum current of 250 mA. In the
DALI communication system, all lighting hardware
communicates via the same communication line. The length of
the cable line used should be a maximum of 300 meters.

According to DALI standards, each of the DALI devices in
the communication system should be designed to consume a
maximum current of 2mA. The cable used for the line must be
600V isolated. Communication is provided by the binary
number system (0-1), the logic value graph used in DALI is
given in Figure 3 [8].

2.5V |
LOGIC HIGH / IDLE
a.5v
UNDEFINED
6.5v
o r LOGIC LOW
6.5V

Fig.3. DALI Electrical Characteristics [8, 9].

B. Wireless Communication Protocols and Wi-Fi

Although it does not realize smart lighting systems, the most
effective solution is to use universal protocols. Wireless
communication protocols are one of the most important issues
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for 10T (Internet of Things). Communication protocols allow
the devices in the system to communicate with each other.

These communication protocols are LoRa, Wi-Fi, Wi-SUN
(Wireless Smart Utility Network), 4G/LTE (Long Term
Evolution), LTE-M, Zigbee and Bluetooth [38]. Wi-Fi is the
most recognized wireless network technology in the world. It
is used to connect phones, computers, and tablets to the
Internet. This study will also be used for controls and user
interface communication on the computer using Wi-Fi
communication [39]. It is compatible with IEEE 802.11 based
standard. It communicates on 2.4GHz and 5GHz frequencies.
It provides a usage environment for end users due to its
advantages of fast and easy accessibility, sensitive security
approach, high service quality and convenient usability [40].
In order for us to use Wi-Fi communication, it is necessary to
add a Wi-Fi module to the card on which our DALI software
is located. The hardware and software block connection
diagram that should belong to the Wi-Fi connection area is
given in Figure 4.

P~
0o

t

N ~
SOFTWARE HARDWARE
Fig.4. Wi-Fi Hardware and Software Block Diagram.

DALI
INTERFACE

Fig.5. Connection of ESP8266 with Microcontrollers.

The ESP8266 module was also used in our project to work,
so that we could only connect to the Internet and get the user's
settings via the web-based interface. The ESP8266 is a WiFi
chip with microcontroller capability and full TCP/IP (Internet
Protocol-Internet Protocol) protocol stack that allows any
microcontroller to access the WiFi network [41]. The
ESP8266 module can host an application in itself or be
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controlled by another application processor [42]. Data
exchange is provided via the main processor UART
communication protocol with the ESP8266 module. An
example illustration of the connection diagram is shown in
Figure 5.

IV. HARDWARE AND SOFTWARE OPERATION

A. Hardware

The general hardware stages of our study have a main control
unit, ESP8266 wireless communication module connected to
the main control unit, DALI hardware circuit that will allow
communication with DALI compatible LED drivers. The block
diagram of the hardware made within the scope of the study is
shown in Figure 6.

| |DALI
‘ 5V eug |
| ]
‘ Regulator INT?I‘:I:I'\CE
Wi-Fi CONTROL

Fig.6. Hardware Block Diagram.

In the main control unit section, the data received via Wi-Fi
communication is transferred to the LED drivers via the DALI
hardware circuit with the DALI messaging software. The
DALI control circuit is connected to our processor in the main
control section via 2 GPIO pins. One of the pins is set as
signal input (IN) and the other is set as signal output (OUT)
pin. The reason we need the DALI hardware circuit is that the
processor pins work with 3.3 V. But for the DALI protocol
logic 1 signal, we need values between 9.5V and 22.5V, and
for the logic 0 signal, between -6.5V and 6.5V. The remaining
sections between 6.5V and 9.5V are Decoded as meaningless
and are not processed.

POWER

H comwecTion |
]
DALI-WASY
MASTER
DEVICE

Fig.7. DALI Compatible Smart LED Driver Controller with Wi-FI Communication.

There is a bridge diode at the place where the DALI
hardware circuit is connected to the DALI line. Although DC
is a voltage, the bridge diode must be present here for the
requirement of the DALI protocol. Many devices can be
connected to the DALLI line at the same time. There are cable
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tangles in large automation systems. Polarization is eliminated
in the DALI line thanks to the bridge diode. It is ensured that
the cables in the DALI line are connected in 2 directions.

In this study, a device that transmits the data received from
the web interface to the DALI control device via Wi-Fi and
controls a DALI-compatible LED driver over the DALI line
has been designed.

Figure 7 shows a visual of the control device.

As can be seen in Figure 7, the part indicated with 1 is the
DALLI hardware circuit. It transmits signals to the processor in
isolation. The high-level signal between 9.5V and 22.5 V on
the DALI line decelerates the signal level of the processor to
3.3 V. The low-level signal between -6.5V and 6.5V decays to
the OV level. In the same way, the signals sent from the
processor reach the level of DALI standards. The part
indicated with 2 is the hardware unit belonging to the
processor and peripherals. The preparation of DALI messages
with the analysis of data from Wi-Fi is carried out in this unit.
the part indicated with 3 is the ESP8266 Wi-Fi module. The
user interface data is received thanks to this module and
transferred to the processor via UART. the part indicated with
4 has warning LEDs. One of these LEDs, the power LED,
lights up if there is energy in the device, and the other is the
LED that turns off if the connection LED is in communication
with the user interface. The part specified with 5 is the power
terminal. The part specified with 6 is the terminal used for
DALI communication.

B. Software Structure

When the device made within the scope of the study is
energized, the systemically necessary initial adjustments are
made first. These are setting the processor frequency, setting
the input-output pins used, the communication settings, and
starting the timers. After these adjustments are made, the
initial settings of the wireless communication unit are made
first on our processor. Later Communication settings for the
DALLI protocol are made and the device is made ready. After
the initial adjustments are completed, Wi-Fi messages are
checked every second. The values taken from the interface
are compared with the old values. In the beginning, the
received message is checked. If there are no changes in the
received parameters, the control is performed from the
beginning. The DALI message is not created. If there are
changes in the received values, the message content is
assigned to the relevant variables in a meaningful way and
the DALI message starts to be created. In Figure 8, the
general software code flow structure is shared.

DALI uses Manchester encoding to send the start bit and
information bits. The information rate is 1200 bps with a gap
of £10%. The duration of one bit is 833.33 us, as shown in
figure 9. The largest valence bit (MSB) is sent first. As shown
in Figure 9, the 833.33us bit duration can be between 749.99
us and 916.66 ps with a 10% margin of error. Likewise,
416.66 ps with a half-bit duration can be between 374.99 us
and 458.33 us with a 10% margin of error.
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Fig.9. DALI Communication [8, 9].

In the forward direction, the message is the packet sent to
the LED driver by the controller. The message in the reverse
direction is the response packet sent back to the controller by
the LED driver. It consists of a start bit, eight data bits and
two stop bits.

The timing requirements for messages sent consecutively,
as shown in Figure 10, are given below [43];

e The time Deciphered between two consecutive message
data sent must be at least 9.17ms.

e The transition time between the message data received in
the reverse direction and the message data sent in the
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forward direction should be in the range of 2.97ms to
9.17ms.

e The control unit sends the message data in the forward
direction and waits for 9.17ms. If the message data has
not been sent in the reverse direction after 9.17ms has
passed, the LED driver interprets this status as “no
response has been received”.

e There should be at least 9.17ms time gap between the two-
message data in the backward and forward directions.

8T ms 2917 ms 292-94Tms 2917 ms

forward | forward | foremrd | | backward || formard
frame frama | frama frama frame
1583 ms 15.83 ms 1583 me 917 e 1583 ms

Fig.10. Message Data Sent Back to Back Duration Display [34] [39]

Manchester coding, in most cases, plays a critical role in
binary data transmission, especially in analogue, radio
frequency, optical, high-speed digital communication or long-
distance digital communication. The package sent between the
controller and the LED driver is a two-phase manchester
package. Manchester coding is performed before the package
is sent from the controller. Then the package is received by the
LED driver, decoded, and the address and messages are
processed accordingly.

The sample encoding in which a message is sent to the
DALI line is shared in Figure 11. As can be understood from
the visual, some commands are sent to the LED driver located
at address 1 according to the Set_ DALI_Level level. If the
level to be sent is 0, the OFF signal, if the minimum level is
equal to 1, the minimum level message, if the maximum level
is equal to 100, the maximum level message has been sent. If
there is an intermediate value LED brightness level other than
these levels, that level is printed directly on the line with SET_
Decal_level.

POLLOWING COMWND) ;

Fig.11. Sending a DALI Message Flow.

The DALI message to be sent in the DALI_Send Cmd
function is being prepared. As shown in Figure 12, the
required address information for the message to be sent is set
first. After that, our existing data is encoded in manchester,
and the buffer encoded in manchester as dali_array_cmd is
created. After that, the Timer_Start function is called and the
manchester encoded data is sent to the processor pins here and
DALI messaging starts.

Copyright © BAJECE ISSN: 2147-284X

wnsigned char DALT_Send Cnd{smaipned char ballastaddr

wraigned char typedfCed,

entigred char data_arcay(3];

nsigned char 1

OuUT_LINS{3};

DfCed, 9, follawingType

return THUS

Fig.12. DALI Message Sending Function Software.

void PreparsDataToSend{unsigned char *comandArray, wnsigned char *tx_array,

unsigned char bytesInCed)
{
unsigned char mask « Bx88;
unsigned char dusey)
umigned char hytes_countw
wasigoed char 1)
wnigned char bltCounter;
bitCoumter = @;
for (L =@; 1 <0 In)
tx_arrwy[0] = ¥
for (bytes_counter = §; bytes_counter ¢ bytealnCed; bytes counterss)
(
dumy = comwandisray[bytes_counter];
mask = IxDO;
bitCounterss
if(bitCounter == 1)
{
tx_array(@] = DALI END _BIT_PULSE;
for(d 1; 1 < 9; 1+4)
if(dommy & »osk)
rrayli 4 (8 * bytes_counte DALI_ERD_B&1 JLSE
elss
tx_srray{i + (8 * bytes_counter)] = DOLI_START BIT SULSE;

if(mask »= Bx01)

matk <= 7
else
matk 33w 1;

Fig.13. Manchester Coding of the Data.

The prepared hardware and software have been tested. The
image taken at the DALI line exit is given in Figure 14. When
the oscilloscope images were examined, the accuracy of the
results obtained was seen in both communication signals.
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Fig.14. DALI Hardware Circuit Output Even the DALI Message Sent.

Tests were carried out with a Tridonic brand LED driver that
has passed DALI standards tests and has a DALI certificate.
Brightness reduction, brightness increase, minimum and
maximum levels have been adjusted via the web interface. It
was observed that the study fulfilled the required standards of
DALI with the tests performed.

THIDOMIC

Fig.15. Experimental Setup.

Figure 15 shows the image of the experiments with the
Tridonic brand LED driver. In the tests carried out, Tridonic
brand power supply was used to supply the DALI line. As a
result of the tests, it has been understood that the designed
control device will be used safely in practical work due to the
low cost of the materials used, easy to supply and the stability
of the system.

It has been observed that the data entered via the user
interface is transferred from the module to the processor via
the UART protocol. The data were observed with the
oscilloscope, and it was seen that the communication speed
was within the tolerance gap determined. Live data tracking
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was performed via debug (debugging) via the processor. The
data were examined, and the accuracy was observed.

With the Data assignment, it is known which command the
user sent. The DALI command message is created. It was seen
by debugging that the DALI message was created and sent
after manchester encoding was performed. The DALI signals
sent were examined with the help of an oscilloscope. The
communication speed of the studied DALI signals is stated in
the DAL technical document [5]. It was observed that it was
in the specified gap. Peak signals at the highest and lowest
levels also have electrical properties [9] it was seen that he
was in it. After the accuracy of the tests was observed, it was
observed that it communicated with the Tridonic brand LED
driver. The desired LED brightness level has been checked.

As shown in Figure 16, there is a DALI signal at the output
of our processor, the current high level of which is 3.24V, the
low level of which is measured as 200mV. This signal is
measured directly from the processor output. In the
continuation of the circuit, this signal is transferred to the
DALI hardware circuit. The signal level of the signal coming
out of the processor will be printed on the DALI line so that
the high level, which is the DALI standard, is between 9.5V
and 22.5V, and the low level is between -6.5V and 6.5V.

In Figure 16, the same DALI signal at the processor output
is zoomed in and the time of ' bit of the signal is measured.
This value, which is seen as the BX-AX (Cursor B, Axis X -
Cursor A, Axis X) difference in the oscilloscope image, is
seen as 420us. As mentioned earlier, there is a margin of error
of 10%. Under normal conditions, this level should be 416us
with a £10 difference between 374.99us and 458.33us, which
is sufficient for communication.

Fig.16. Measurement of Processor Output DALI Data Bit Time.

The 0V-3.3V signal at the processor output is sent to the line
by passing through the DALI hardware circuit while pressing
the DAL line. The reason for this is that we can print a signal
even at the DALI signal level. If this circuit is not used, our
high signal, which is 3.3V, will remain between -6.5 V and 6.5
V at the low level according to DALI standards. Therefore, it
will be a meaningless message for other devices on the DALI
line.

Figure 17 and figure 18 show the signal passing through the
DALI hardware circuit. The maximum point of the signal AY
(Cursor A, Axis Y) was measured at 17.40V. The high signal
level, which is a requirement of the DAL standard, is between
9.5V and 22.5V. In the same way, the low signal level
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measured BY (Cursor B, Axis Y) 1.3V is between -6.5V and
6.5V, which is a requirement of the DALI standard.

— o AR NN N e N —

R

— AR AR Y N —

A AAAAAA A .-

Fig.18. Observing Peaks at a Low Level of the DALI Signal.

Figure 17 shows the peak points in the transitions from 0 to
1 signal level due to the nature of communication signals at a
high signal level. It is observed that the maximum point of this
level is 21.90V, which is indicated by the AY. Since it is
below 22.5V and is an instant value, it does not have a
negative impact on our messaging. The same situation is
shown in figure 18 for the low level. Here, the peak points in
the transitions from 1 to O signal level are seen. The lowest
signal level was measured as OV shown in the BY. This
situation is not a negative situation for our messaging.

void Usart_Tnitialiredg(vuid)

Fig.19. Making UART Settings

Copyright © BAJECE ISSN: 2147-284X

The ESP8266 module is connected via UART with the
processor. It is necessary to make software settings for the
processor to recognize the ESP8266 module. The ESP8266
module is connected to the processor via GPIO pins PA9 (TX)
and PA10 (RX). It is software-configured that the UART
connections of the PA9 and PA10 pins will be used. After the
pin settings are made, the UART settings of the ESP8266
module are set via the processor as shown in Figure 19. After
these adjustments are completed, the module is ready for
communication.

After the necessary adjustments have been made to
recognize the ESP8266 module by the processor, some
commands are available to communicate with the module.
These commands are referred to as AT commands. For the
adjustment of the ESP8266 module given in Figure 20, the
settings written in the technical document are encoded and
transferred to the module via UART communication. After
each message is sent, a check is made to see if the “OK”
response has been received. If “OK” has been received, it is
understood that the message has successfully reached the
module and the settings we have sent have been applied.

Fig.20. Setting Up the ESP8266 Module

With the help of the user interface page, users can control
the brightness of Decelerated lighting system. The ESP8266
module checks the web service API, where the user interface
stores data at intervals to check for changes. If there is a
change in the received brightness value, the message content
is assigned to the relevant variables and the DALI message
starts to be created.

As can be seen in the image in Figure 21, with the
AT+CIPSTART command, we first go to our site. We are
establishing a TCP connection. If we get the answer “OK*, the
site connection is provided, if the answer "ALREADY"
comes, it means that we are already connected to the site. In
both cases, the next step is taken. We send length information
before our query message with AT+CIPSEND command “>”
when the answer comes, we query our brightness data to the
site with “GET”.
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Fig.21. Providing a Connection to the Site by Establishing a TCP Connection with
ESP8266.

After the query message is sent, a long message with
brightness data is received via the site. For 50% brightness on
the interface web service, the brightness data is kept as Wi-
Fidata:050, which will be on the WI-Fi at the beginning. As
shown in Figure 22, the Wi-Fi data address is taken for the
incoming message using the strstr function. Since the
incoming data is ASCIl (American Standard Code for
Information Interchange), it is necessary to perform the
decimal conversion. The conversion is performed with the
Convert_ASCII_Buf to_Dec function. Since Wi-Fi data's
address was taken during the conversion, 8 is added to the
address of Wi-Fi data to reach our main data, it reaches the
address of the main data and transactions are made through it.
The reason for adding 8 is that Wi-Fi data takes up 8 bytes of
space in ASCII.

Fig.22. Getting the Brightness Data Starting the DALI Query.

254, seen in Figure 22. Whether the value read in the line is
different or the same from the previous value is checked. If the
value is different, a DALI message is generated according to
the incoming value. If the incoming brightness level is 0, an
OFF message is sent to our LED driver. If the brightness level
is 1, the minimum level, and if the brightness level is 100, the
maximum level message is sent. If a different value other than

Copyright © BAJECE ISSN: 2147-284X

these values is received, the brightness data is sent directly to
the LED driver.

The Web page developed within the scope of the project is
shown in Figure 23. With the help of this interface, users are
able to control the brightness of the selected lighting system
[44]. The brightness can be increased or decreased at the
desired level with the buttons on the page.

DALI Control Panel
: o

Den Lol

l
H

Fig.23. DALI Control Unit User Interface

The web application is formed with Asp.NET MVC (Model
View Controller). HTML, CSS and Javascript languages were
used on the front. On the server side, the C# programming
language is used. When clicking on the buttons from the front,
HTTP POST (Power on Self Testing) data is sent to the
Controller class using the method. Then these data are
recorded in the database. In the MVC project prepared in
layered architecture, EntityFramework library was used for
database operations. MSSQL as a database (Microsoft SQL
Server) The server has been selected. The created tables and
columns are shown in Figure 24.

Entitylnfos
Column Name Data Type Allew Nulls

7 Id int ]
Brightness int (]
DaliNo int (]
MaxLevel int (]
MinLevel int (]
()

Fig.24. Database Table

Within the scope of the project, the current brightness of the

DALI system of the embedded system, except for the website
the Web service has been written so that it can read the data.
For the service designed with REST architecture Asp.NET
API is used. Thanks to this service, devices are prevented
from connecting to the database and it is ensured that they can
receive only the necessary data via the HTTP protocol.
The data is sent in string type for easy reading by the
embedded system. The C# method, which retrieves the current
brightness value from the database and works with HTTP
GET, is given in Figure 25.
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[HttpGet]
public IActionResult GetBrightness()
{
Repository repository = new()
v entity = repository.Get():
var value = $"{entity?.Bri tnes
return Ok (value);

Fig.25. Reading the Brightness Data

V. CONCLUSION

In this study, the construction of a smart LED driver control
is presented. In the details of the study, the hardware features
of the circuit made, the working principles were mentioned,
the flow chart of the software and needs to work in the
hardware for the system to work, the software details were
mentioned. The DALI protocol, which is one of the most
preferred communication protocols in lighting systems, has
been preferred. In the communication via the interface, the
most preferred Wi-Fi communication is used wirelessly.
ESP8266 was preferred because it can be found quickly in the
market for Wi-Fi communication and is inexpensive in cost.

When other studies in the literature are examined, it has been
seen that more than one sensor for automation systems are
generally large systems that require cost and are managed
remotely with wireless communication protocols. In this
study, the end product to be presented to the customer, which
provides remote control of the DALI communication protocol,
has been revealed. It provides a significant advantage to
customers compared to other products in terms of cost. A
DALI protocol controller with Wi-Fi support has been made.
With this controller, it is possible to remotely control the
device by connecting to any Wi-Fi line by making a
communication line connection in the environment where
DALI supported LED drivers are located. For control, use any
device with an Internet connection (computer, tablet, mobile
phone, etc.). The interface is accessible and LED lighting can
be controlled from anywhere desired.

After the theoretical studies of the circuit were carried out,
experimental studies were carried out, the oscilloscope images
of the communication data of the results were examined and
described in detail in the previous sections. The thesis study
was verified by conducting tests with a Tridonic brand LED
driver that has a DAL certificate.
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