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CONTROL ENGINEERING 

Specialized controller for managment of  
industrial and consumer lighting 

Lyuben A. Iliev, Daniel L. Todorov, Nikolay P. Mihailov, Petko K. Mashkov 

 
A lighting controller prototype is presented, which is intended to be used for lighting control in 

poultry farms, where a precise control of the lighting cycle and intensity is required. Such farms re-
quire 24 hours per day control of the lighting in order to provide optimal results for the production 
and also the best living conditions possible for the poultry. The suggested controller can be used al-
so in industrial or domestic buildings and facilities in order to provide intelligent and energy effi-
cient lighting control. Several wide spread analog dimming control interfaces and digital communi-
cation interfaces are implemented for maximum with lighting power supplies. The implemented con-
trol interfaces are: Digital potentiometer with range from 0 to 100 KΩ with 255 steps; two PWM 
outputs, frequency controlled, from 100 to 10000 Hz and resolution of 255 steps; Phase control 
dimming module up to 16A mainly for incandescent lighting. Three different communication inter-
faces are implemented for data and command exchange: RS485, USB and RF 2,4GHz, with range 
up to 100 meters indoors. Operational data tables can be stored in 1 Mbit EEPROM and a Real 
Time Clock, battery buffered, is used for real time lighting programs. 
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I. Introduction 

A lot of advances were made the last few years in 
the field of lighting systems and sources. New more 
energy efficient LEDs are being placed on the mar-
ket every day, replacing the old incandescent lighting 
fixtures. The lowered energy consumption of the 
lighting sources is only one side of optimum energy 
consumption as a whole. The other side is creating 
intelligent energy management systems to control the 
lighting in the most efficient ways. A great amount 
of energy is being wasted for inefficient lighting due 
to bad design of the lighting system, lighting fixtures 

used and other factors. The article presents a lighting 
controller which has the purpose to provide intelli-
gent control of industrial and consumer lighting in 
order to achieve maximum efficiency, comfort and 
ease of control. 

II. Design 

The designed lighting controller is a prototype 
and includes various modules for communication 
and control (Fig. 1). 

The device is intended to provide control for dif-
ferent dimmable lighting power supplies (LED, Flu-
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orescent, Incandescent and others). There are several 

ways of dimming control implemented in the power 

supplies. Some of them are analog - pulse width 

modulation (PWM), variable resistance, (0-10) V, 

others are digital interfaces - DALI, KNX, EIB and 

other [1]. 

Only some of the available analog control inter-

faces are implemented in the current device, because 

they are easier to implement, require less elements, 

they are widely used and there are no certification 

fees. Additional interface to a thyristor dimmer or 

phase angle control dimmer is also implemented. It 

provides compatibility with incandescent lamp dim-

mers which can still be found in many industrial fa-

cilities. The device includes several widely used 

communication interfaces: RS485, USB and RF 

wireless module. 
The technical specifications are: 

• Power supply: 12V DC/1A max 

• 2 x PWM modules, frequency adjustable (100-

10000) Hz, resolution: 255 steps 

• 1 x digital potentiometer, (0-100) KΩ, resolu-

tion: 255 steps 

• 1 x RTC clock, adjustable, battery powered 

• 1 x RS485 transceiver 

• 1 x USB full speed port, configured as HID 

device 

• 1 x RF transceiver, 2.4 GHz, 1 Mbps, 300m 

outdoor range 

• 1 x External EEPROM up to 1 Mbit 

• 1 x 12V relay control up to 30A on contacts 

• 1 x Analog input (0-5)V, zener diode protect-

ed 

• 1 x Dimming control module for external triac 

up to 16A 

III. Analog and control interfaces 

Two separate PWM modules are implemented, 

which can be controlled undependably for two dim-

mable power supplies. They provide dimming con-

trol in the range from 0% to 100% in 255 steps. The 

signal has a magnitude of 10V (buffered) and there is 

an option to use 3.3V (not buffered) signal. Most of 

the power supply devices are compatible with 10V 

PWM signal. The second interface is a variable digi-

tal potentiometer with a range of 0 to 100 KΩ con-

trolled in 255 steps. The potentiometer integrated 

circuit is controlled by the MCU via serial digital 

interface (SPI). The triac dimming control module 

operates with voltages up to 230 VAC and for this 

reason it is separated from the low voltage circuits 

by using optoisolators. The MCU reads the AC volt-

age sinusoid and provides a start signal for and ex-

ternal thyristor in time intervals depending on the 

 

Fig. 1. Block diagram of the lighting controller. 
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dimming settings set in the software. This interface 

can be used for already installed incandescent dim-

mers. There is also one 12V relay control signal im-

plemented in order to fully turn ON/OFF a lighting 

installation. Relays up to 30A can be controlled from 

this output. One analog input is also included for 

reading of external sensor (photoresistor, tempera-

ture sensor or other). The analog input is protected 

by zener diode and the range is (0-5) V.  

IV. Digital Communication Interfaces 

The most used digital interface for connection 

with a PC today is the USB. The device has a func-

tionality of an USB compatible slave and can be 

safely connected to a PC for data exchange. The in-

terface is protected with voltage suppressors and can 

be used in electrically noisy environments. The other 

implemented interface is RS485 serial differential 

interface for communication between devices. It is 

also transient protected and can be used for imple-

mentation of different communication protocols. The 

third interface is the 2.4 GHz radio frequency wire-

less module. It is connected as a separate PCB mod-

ule when such communication is required. Two dif-

ferent types of modules are intended to be used - one 

with integrated antenna and one with external anten-

na and included high frequency signal amplifier de-

pending on the required range. Testing showed that 

using the module with integrated antenna can 

achieve range of about 150 m in open space and 

about (10-15) m indoors (through 2 concrete walls). 

The module with the external antenna achieves >300 

m outdoors and about 30 m indoors (4 concrete 

walls). The devices can be configured into an intelli-

gent wireless network and a whole building can be 

covered using several devices placed on different 

positions. This is very convenient for industrial facil-

ities or homes, where no cables for communication 

are installed.  

Additional features of the device are real-time 

clock (RTC) with battery supply in order to operate 

with preset timing program and external EEPROM 

memory to store different lighting cycles for indus-

trial control (in animal breeding farms like poultry, 

for example where different lighting cycles are need-

ed for proper breeding of the animals).  

V. Prototype Implementation and Testing 

After the design of the schematics, a PCB was al-

so designed and manufactured. A convenient enclo-

sure was chosen in order to ensure the safety of the 

device and convenient outlook (Fig. 2). The device 

was also configured as Human Interface Device 

(HID) and successfully recognized by a PC and also 

an USB communication was established. 

 

 

Fig. 2. Device prototype photo 

The prototype was tested with 2 CREE CXA-

2011 Series high power LEDs and MEANWELL 

LPF-40D-54, 54V/0.76A output parameters [2]. Two 

LEDs are used because of their spectral characteris-

tics in order to provide good conditions for the poul-

try farm, their manufacturability and accessibility. 

The spectral characteristics of both LEDs can be 

seen on Fig. 3. Actual spectrum that was measured 

during the testing is very similar to the one given in 

the datasheet [3]. 

 

 

Fig. 3. Cree CXA2011 Spectrum 

The testing was made according to a lighting pro-

gram for a poultry farm, where the illuminance rang-

es from 8 lx to 40 lx for different time periods. Some 

programs need to be 20 weeks in duration, while 

other may reach up to 72 weeks depending on the 

breed type, where illuminance must be controlled 

every day for given periods of hours [4, 5]. The illu-

minance of the LED is controlled by a digital poten-

tiometer in 255 steps as mentioned above. For every 

value from 0 to 255 set by the controller, corre-

sponds a lx value for the LED. The results from the 

measurement are shown on Fig. 4. The LED was 

placed on 240 cm. height, horizontal to the illumi-

nance meter. Assuming that the bird's eyes are 



“Е+Е”, 1-2/2015 40 

around (30-40) cm from the floor, depending on age 

and breed type, so actual height to the ceiling can be 

270-280cm.  

The figure shows that the dependence of the illu-

minance from the control byte value is almost linear. 

These coefficients are stored in the microcontroller's 

EEPROM memory in order to represent correct 

lighting conditions. Because the value of the control 

bytes adjusts a potentiometer ranging from 0 to 

100kΩ, one step represents 390.625Ω. The illumi-

nance of a LED powered by different dimmer from 

the one being tested can be obtained by the charac-

 
Fig. 4. LED illuminance vs. control byte value. 

 

Fig. 5. Current consumption vs. control byte value. 
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teristics of the dimmer and the given resistance of 

the potentiometer. 

Another key point for the program is the efficien-

cy of the lighting. The current consumption vs. the 

control byte is shown on Fig. 5 

From the graphic can be seen that the current 

consumption is linear to the control value. 

At illuminance of 8 lx, the power consumption of 

the LEDs is measured to be 1.9W and at the maxi-

mum of 45 lx, it is 11.6W total for both LEDs.  

VI. USB Communication and RTC Timing 

In order to set up the lighting controller, a USB 

communication is used. The device is configured as 

Human Interface Device (HID) in the microcontrol-

ler's firmware and is recognized automatically by the 

operating system. The testing was made using a HID 

communication terminal, but in later stage, a special-

ized software will be created. The device has a pro-

grammed name - "Lighting controller" and can be 

initialized by the HID terminal software. The RTC 

clock time can be set up by sending a control byte 

(0x22) and then a number of bytes corresponding to 

year, month, day, hour, minute, second. After send-

ing this information, the time and date in the RTC 

chip are set up and it starts counting the real time. 

The microcontroller can read the current time and 

date at any time and take the corresponding actions 

(adjust the luminance). 

For testing purpose, simple program settings are 

used. When a control byte "0x51" is sent to the 

MCU, it starts accepting data in the following 2-byte 

format: duration (h), illuminance (lx). The sets of 2 

bytes are stored consequently in the external 

EEPROM. A more efficient and less memory con-

suming algorithm is developed and will be imple-

mented for the final stage of the device.  

VII. 2.4 GHz RF Interface 

As mentioned above, the device is equipped with 

2.4 GHz RF transceiver module. This allows wire-

less communication – setting up the controller re-

motely or reading data from external remote analog 

sensor. The poultry farm buildings are long and 

wide, so the transmission range can reach around 

100m. If needed, a repeater can be placed where the 

signal attenuates. Also different wireless sensors can 

be used (temperature, humidity, illuminance, air 

quality etc.). A fully automatic complex system with 

many different modules without additional wiring 

can be implemented using the RF interface. 

VIII. Conclusion 

A specialized lighting controller was designed, 

manufactured and tested for the control of lighting 

processes in industrial areas. The change of the illu-

minance is controlled by PWM signal with maxi-

mum 255 steps. For maximum compatibility with the 

existing lighting drivers, a digital potentiometer with 

255 step control is also implemented. The device can 

communicate with a PC by USB protocol and with 

other devices by 2.4GHz RF communication.  
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