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Abstract: - The objective of the project is to build a system for controlling intensity/speed of
electrical lights and fans using a TV remote or serial port interface. The system follows a linear
profile, provides regulation against input power supply and also takes into account the frequency
variation of the power supply. Intensity/speed of the load is controlled by changing the RMS
voltage using triac circuitry and changing the corresponding firing angle. An ADC circuit
monitors the unregulated input voltage, followed by software to check for voltage variation and
provide regulation. Frequency of input voltage supply is calculated and any change monitored
and compensated by changing the instance of firing the triac trigger pulse accordingly.

1 INTRODUCTION

The aim of the project is to design and build an controller to control electrical lights and fans
using a TV remote or serial port interface. The system should provide regulation against input
power supply. The system should be independent of frequency of incoming power supply.

Intensity of a light bulb (resistive load) or speed of a fan (inductive load) is related to the
RMS voltage supplied, which can be controlled by the firing angle of the triac according to

Vm 6 \0s
Vrms \/E (1 ﬂ')

By changing the firing angle of the triac we can change the brightness/speed of the
light/fan. For example, if the triac is fired when the AC supply crosses zero, the load receives
maximum power, if it is fired at peaks, only half power is available to the load, and so on.
Absence of triac firing turns off the load. Our design aims at generating these pulses and
controlling the delay of their firing in order to control power supplied to the load. Regulation
against input power supply is achieved by similarly delaying or forwarding the fired triac pulse.
Also frequency of the incoming supply is monitored, in order to make the system independent of
frequency fluctuations as well as the frequency itself.

A block diagram is shown in Fig. 1. It consists of:

e Power supply consisting of 230V/9V transformer, bridge rectifier, filter and 5 V regulator
e IR receiver for TV remote control
e RS232 level shifter for RS232 commands.

e Zero crossing detector for generating time reference for triac firing pulses
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e ADC for measuring the unregulated voltage as a measure of mains RMS value

e A 20-pin and a 40-pin microcontroller have been used to modulate the hardware and
software development.

e Triac circuitry (followed by load)
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Fig. 1 Block diagram

2 DESCRIPTION OF THE SYSTEM
The working of the various blocks is explained in the following subsections:-

2.1 Power Supply

We generated a 5V DC supply (to be used by the ICs in the circuit) from the AC main supply. A
230/9 volts transformer followed by a bridge rectifier consisting of IN4001 diodes and voltage
regulator 7805 was used as shown in Fig. 2.

The low voltage side of the step down transformer (230V/9V) is connected to the full-
wave bridge rectifier circuit and the high voltage side is connected to the mains supply. The
bridge rectifier output is filtered by C1 and regulated to 5 V DC by IC1 (7805). Ceramic
capacitors C2 and C3 are used for frequency stability. The regulated 5 V output is taken as Vcc
for the circuit. The unregulated output Vx is used for sensing variations in the input supply mains
voltage.
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Fig. 2 Power supply circuit

2.2 IR Receiver Circuit

First we shall examine the infrared input signal received by the IR receiver circuit. Fig. 3 shows
the typical output from a standard RC5 coded TV remote. Every time a button is pressed at the
remote control, it sends a train of 14 bits, 1.728ms per bit, the whole train is repeated every 130
ms if the button is kept pressed.
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Fig. 3 RC5 coded TV remote output

Each bit is sliced in two halves. The left and right half has opposed levels. If the bit to be
transmitted is one (1), its left side is OFF while its right side is ON. If the bit to be transmitted is
zero (0), its left side is ON while the right side is OFF. The first two bits in the bit train, #1 and
#2, are called Auto Gain Control (AGC) calibration. They are ON on the left side, and serve to
calibrate the IR receiver’s AGC. The bit #3 is the CHECK bit, every time a key is pressed at the
remote (even repeatedly the same key) this bit flips state. The next 5 bits, #4 to #8, are used for
SYSTEM ADDRESS, or to identify which kind of device should execute the COMMAND bits.
The next 6 bits, #9 to #14, are used for COMMAND information to the device selected by the
ADDRESS bits. Bit #14 is the LSB.

The Infrared receiver used is TSOP 1738. It is a 3-pin module with active low output.
Fig.4 shows the circuit used for IR receiver. Here we have used a 10 k pull-up resistor between
Vcc and TSOP output. The capacitor is used to filter the power supply to the IR receiver, thus
preventing a false trigger. The output Vir is given as input to a microcontroller.
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2.3 RS232 driver
In this project we require only the receiver part of RS232. The level shifting of RS232 input for
interfacing to the microcontroller has been carried out using IC3 (MAX232) as shown in Fig. 5.
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Fig. 4 IR receiver circuit
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2.4 Zero Crossing Detector

The RMS voltage is controlled by varying the position of the trigger pulse to the triac gate in
both the half cycles with respect to zero crossing points. Hence to generate the pulses with
appropriate delay, the microcontroller has o be given the zero crossing instants. We used the
circuit shown in Fig.6 for this purpose.
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Fig. 6 Zero crossing detector

The two ends of the step down transformer are connected to resistor potential dividers,
connected to the inverting and non-inverting terminals of op-amp IC4A as a comparator. Output
is followed by a buffer which is finally (Vz) connected to P3.7 of microcontroller 1C6.

The buffer was used to prevent loading of the comparator so that the comparator output
doesn’t get loaded by the microcontroller. Val and Va2 are unipolar with respect to the ground
and hence the attenuated inputs to IC4A can be used to get the zero crossing without requiring a
dual supply.

Input and output waveforms of the zero crossing detector is shown in Fig. 7

Wal

Fig. 7 Input and output waveforms of zero crossing detector
2.5 Intensity regulation against mains voltage variation
Voltage regulation against supply variation was achieved by sensing the mains voltage through a
single-channel 8-bit ADC. Input to the ADC comes from VX, the unregulated DC input to the
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regulator IC1. Vx is proportional to the RMS value of AC mains. Hence the digital output of the
ADC can be used by the microcontroller IC7 to adjust the triac firing angle in order to
compensate variation in supply voltage. Voltage span of the ADC has been adjusted to 1.9V-
3.8V by providing a constant 1.9V to the analog ground and Vref/2. A zener diode of 1.9 V was
used for this purpose. The ADC clock is internally generated with CLK R connected to a resistor
and a capacitor to the ground and the voltage across the capacitor and ground is fed to CLK IN.
The CS (chip select) and RD are asserted by connecting them to ground thereby providing
continuous mode of operation. The write for the ADC is asserted by a signal from the
microcontroller through P1.7 pin. After the conversion is completed, the ADC interrupts the
microcontroller through P2.7 pin. The digital output from the ADC is connected to port O with
LSB connected to P0.0 and the MSB connected to PO.7 and the other bits in the same increasing
order.

2.6 IR decoder
IC6, 20-pin microcontroller AT89C2051 is used to receive the commands from the IR receiver
and the RS232 receiver. It decodes the output from the IR receiver by sampling the command
bits in the IR signal (14 bit train) received from the remote and sets the bits of port 1 accordingly.

The microcontroller can also be interrupted by a computer sending commands over the
serial inputs. The command consists of a train of 11 bits (including one start bit and two stop bits
with baud rate 4800). The microcontroller decodes this data and sets the bits of port 1
accordingly. It then gives an interrupt to microcontroller IC7 which then accordingly calculates
the delay for firing the triac connected to the concerned load.

The various switches of the remote control which are used to regulate the loads are:

Switch 1: To switch ON the first load.

Switch 2: To switch ON the second load.

Switch 3: To switch OFF the first load.

Switch 4: To switch OFF the second load.

Volume up: To increase the intensity of the first load.

Volume down: To increase the intensity of the second load

Channel up: To decrease the intensity of the first load.

Channel down: To decrease the intensity of the second load.

The complete flowchart of the working is given in Fig.8.

2.7 Triac firing pulse generation
IC7, 40-pin microcontroller AT89C52 processes the decoded signal from microcontroller 1C6
and generates the triac firing pulses. The task of decoding the signal and triac firing pulse
generation has been partitioned between the two microcontrollers in order to modularize the
hardware and software development.

Output from the zero crossing detector is used to set the instants of the triac firing pulses.
ADC output is processed to account for supply voltage variation and shift the firing pulses as
required. Fig.9 shows the flowchart for its working.

2.8 TRIAC

A triac is a three terminal semiconductor for controlling current in either direction. It is basically
two SCRs back to back with common gate. The supply to the triac is an A/C signal and it will
always turn off when the applied voltage reaches zero at the end of the current half-cycle. If a
turn-on pulse is applied at some controllable point after the start of each half cycle, it will

6



directly control the percentage power of that half-cycle that gets applied to the load. This makes
the triac ideal for light dimmer controls.
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The circuit in Fig. 10 is used to control the amount of power that is made available to the
load. The triac circuit has to be fired (exciting the gate terminal) twice in every cycle after the
zero crossings. The delay in firing decides the total power provided to the load, greater the delay
lesser the power. The pulses from the triac driving circuit are connected to the pin-1 (the anode
of the photodiode) of the opto-coupler MOC3020 and the cathode (pin-2) is connected to the
ground of the electronic circuit. On the pulses, the photodiode radiates and drives the triac inside
MOC3020. In this part the pulses are in optical form hence providing the optical isolation
between the triac load circuit and the electronic circuit. The diac of the opto-coupler further
drives the triac with the load connected across it. If the load is inductive (fan), the triac will be
non-sensitive and hence an additional resistor-capacitor network is used for the connection
between MOC3020 and triac. The MOC3020 drives the gate of the triac while the load is
connected in between a power supply terminal and A2 terminal of the triac and the other power
supply terminal and Al are shorted. It is not necessary to connect the neutral and live in a
specific way as an opto-coupler has been used.

4 IMPLEMENTATION

Fig. 11 shows the complete circuit diagram. Figs. 12, 13 and 14 show voltage waveforms for
mains supply, across triac and across inductive load (fan) for speed levels 2, 5 and 8 respectively.
Figs. 15 and 16 show voltage waveforms when the amplitude of input voltage supply was varied
using an auto-transformer and the corresponding waveforms across the triac.

5 CONCLUSION

The control of light intensity and fan speed was successfully achieved. The system follows a
linear profile and it provides regulation against input power supply voltage. The system is supply
voltage frequency independent, i.e., it works for any given supply voltage frequency. The system
has been implemented on a printed circuit board (PCB) as well.
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Fig. 12: a) Mains supply voltage b) VVoltage across triac c) VVoltage across inductive load (fan)
for speed level 2

C

Fig. 13 a) Mains supply voltage b) Voltage across triac ¢) VVoltage across inductive load (fan) foe
speed level 5
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Fig. 14 a) Mains supply voltage b) Voltage across triac ¢) VVoltage across inductive load (fan) foe
speed level 8 (maximum)

Fig. 15 Voltage waveforms of different magnitudes

Fig. 16 Voltage waveforms across triac corresponding to input waveforms shown in Fig. 15
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APPENDIX

User manual:

The following manual is for the remote buttons and their functions.
Switch 1: To switch ON the first load.

Switch 2: To switch ON the second load.

Switch 3: To switch OFF the first load.

Switch 4: To switch OFF the second load.

Volume up: To increase the intensity of the first load.

Volume down: To increase the intensity of the second load
Channel up: To decrease the intensity of the first load.

Channel down: To decrease the intensity of the second load.

The following is the manual for computer control.
To switch ON the first load.

To switch ON the second load.

To switch OFF the first load.

To switch OFF the second load.

To increase the intensity of the first load.

To increase the intensity of the second load
To decrease the intensity of the first load.

To decrease the intensity of the second load.
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