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Abstrat

The aim of this paper is to determine the appropriate approach to generate low-
frequency pulse width modulation (PWM) signal by using LabVIEW. Later, the generated
PWM was applied to control 40W LED driver circuits. Subsequently, the relationship
between duty cycle of the signal and the irradiance of the high power LEDs was determined.
The software was able to generate the PWM signal and it was connected to LEDs driver
circuit by using the analog output port of a DAQ-6008. The buck converter was used to
drive the LEDs. The results found that the simulated signal VI from LabVIEW was the most
suitable approach in order to generate the PWM signal. The software receives two
commands which were the signal frequency and the duty cycle. The findings indicated that
the irradiance and power consumed from high power LEDs related to each other linearly.
This method is appropriate to be applied with the LED dimming system. Although the
measurements of the duty cycle from the interface hardware was between 15 to 86 percent,
this idea is still very useful and can be applied to control the illuminance of the high power
LEDs array, for example, a LED-based solar simulator for solar cell application or LEDs for
cultivation.

Keywords: Simulate signal VI, LabVIEW, PWM, irradiance

Main Conference Topic:
Engineering

Introduction

Nowadays, white light-emitting diode (LED) is wildly used for general lighting application
purposes because of its long lifetime, energy saving efficiency, high reliability, easiness of
control, and less environmental impact, [1] [2] LED emits light by applying the forward
bias to the anode and cathode terminal. The brightness of an LED can be adjustable by
controlling the driving current that passes through the p-n junction of the LED. [1] In order
to achieve constant illuminance, the flux is needed to control the forward current of the
LED. Usually, the LED power drives circuit was applied to control the high-power LED.
These circuits will have the current control mode, which will be appropriate for LED
brightness control.

Mostly, the power drive circuit is a DC to DC converter which includes Buck, Boost, or
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Buck-Boost converters. The major equipment of the DC to DC converter is the power
electronics switch, such as BJT, MOSFET and IGBT. The power electronics switch used for
controlling the power of the load works with the principle of an on-off control with the
differences in switching frequency.

One of the most popular techniques that are used for generating the control signal is
pulse width modulation (PWM). [4] [5] [6] [7] [8] [9] [10] [12] The PWM signal that
was used in this paper is of a constant frequency (f) and with an adjustable pulse width
(PW). The PWM signal could be generated by several methods and analog hardware. For
example, the operational amplifier comparison between the triangle wave and the DC control
voltage could be used to shape the analog PWM from low frequencies (Hz) until high
frequencies (MHz). Therefore, the DC converters with PWM control can be applied to
control the brightness of the LEDs. [3] [7] [8] [9] [10] In addition to this method, the digital
hardware could be applied to generate the PWM signal, for instance, the PICI8F252 micro-
controller was adapted to create PWM for controlling the brightness of the LED street light.
[11] The Adriano micro- controller and the FPGA were applied in the same way. [12] [17]

In this paper, the authors focusing our study on the LabVIEW based low-frequency PWM
for controlling the luminance of the high-power LED. The objectives of this research are (1)
to find out the appropriate method to generate the PWM signal from LabVIEW to control
the 40W LED driver circuit. (2) To investigate the relationship between the duty cycle (%)
of signal and the luminance of the LED’s light. The knowledge from this study will be
applied to control the irradiance of the LED-based solar simulator in the next step.

Materials and Methods.
Pulse width modulation.

The pulse width modulation is a modulation technique used to encode a message to a
pulsating signal. The technique will be used for changing how long a square wave
stay “on” and used for controlling the switching devices of the power circuits. The PWM
technique could be applied to control the speed of the motor or the dimming of the
LEDs. The pulse width is the time that the square wave stays “on”. The duty cycle is the
proportion of the pulse width and the pulse period (TP). (Equation 1) The duty cycle is
adjustable by changing the pulse width and keeping the pulse period constant. The PWM
signal in different duty cycles are as show in Figure 1.

Duty Cycle (%) x164 (1)

PW TP Pulse Width (s)
Pulse Period (s)

|<— t —ﬁl - .
Duty cycle ' Y
! 1 PWM ] DC power
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Figure 1: pulse width modulation ~ Figure 2: Design Concept for the Generation of
PWM Signal.
The design of the PWM signal by LabVIEW is as shown in Figure 2. The PWM block
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diagram, which can be simulated by signal V1, is shown in the red dot frame. The
PWM signal is transmitted to the data acquisition device (DAQ NI-6008) for interfacing
with the LED driver circuit. (Figure 2)

Software development

The author used LabVIEW 2013 for developing the low frequency PWM signal generating
program. The frequency was setup at 120 Hz. The block diagram of the VIs and front panel
are as shown in Figure 3.
1. Simulate signal V1 is used for creating the PWM signal at amplitude 2.5V/
offset 2.5V/ Time > samples per second 720/number of sample =1
2. Frequency is used for entering the frequency input to the simulate signal V1.
3. Duty cycle control (%) is used for adjusting the duty cycle to simulate the signal
VL.
4. Duty cycle indicator.
5. Green indicator will be green if duty cycle > 0
6. Ware form chart displays the PWM wave form.
7. DAAQ assistance transmits the PWM signal from simulated signal VI to analog output
port of DAQ USG-6008. Set up => generating mode 1 sample (on demand)/ terminal config
RES/Voltage/Output min 0/max 5V/ Output port AoO
8. Stop the program.

WM contot 1 Fron Pane < SEEN o

T T[S yEH S (e [C T el Yo

PWM control the irradiance 2

of the Power LED _1_ 8l 6
suss E Doty Cycle RS N R

100 4

] |8
]
||
oemmm—
ju‘
%

Figure 3: Front panel and block diagram of the program.

This program needs two major commands which are for the frequency and the duty cycle.
The limitation of this study is that we cannot enter the input frequency of more than
200 Hz because this value is the limit of the data acquisition device (USB-6008).

High-Power LED Driver Circuit.

The back converter was used as the LED driver circuit for this study. The high-power LED
driver circuit is as shown in Figure 4. The L; and C; in this circuit was calculated by
using equations (2) (3) and (4). [15] The author defined I. = 1.66A, LED power 40 W. 4;

0.11, 4,=0.6V, f;=120Hz, Vs =245V and V, =240 V
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Figure 5: Experimental setup

Experimental Equipment

The equipment that were used for this research includes (1)High-power LED 10W/12V,
number = 4, warm-white, CCT 3000-3500, 900 Ix, dimension(mm) 27x18x3 connected in 2
series and 2 in parallel, (2) Solar power meter model TES 133R, (3) Multi-meter
Kyoritsu-

1009, (4) DAQ NI-USB 6008, (5) LED driver board with IRF520-power MOSFET, (6)
60

MHz digital storage oscilloscope, (7) DC Power Supply 30V 3A (adjustable)

Experimental Method

1. Testing the PWM signal from the LabVIEW program.

(a) Generate the PWM signal by running the program that was developed by

LabVIEW.

(b) Setup frequency of signal is about 120 Hz constant.

(c) The author measured the PWM signal at the terminal AoO and GND (Figure 4)
of the DAQ NI-6008 by using the oscilloscope.
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(d) Adjust the duty cycle between 0 to 100%to find out the maximum and

minimum value of the duty cycle for actual usage.

(e) Calculate the percentage error (equation 5) of the frequency and amplitude of the
PMW signal. [16]

Measured value—Actual value (5)

Percentage error = (100%)

2. Investigating the relationship between the irradiance of the light

from the LED and the duty cycle of the PWM signal. The

Actual value

S authors followed this flowchart. (Figure 6)
v Results
Turn — ©n the power
t, The generated PWM signal from LabVIEW
LED Set Duty-cycle (D=0}

The result found that the PWM signal at the frequency of 120

Hz could adjust the duty cycle between 15 % to 86%. The output

frequency shifted from 112.2 Hz to 114.2 Hz. The error of

@ N the generating frequency is between 4.8 to 6.5%. The amplitude of
v the PWM signal is from 4.48V to 4.56V. The error of the signal

N

Adjust D from 0 to 100%
(Stop 10 %)

e e s amplitude from the setup value is between 8.8 to 10.4%
0 = ¢ (ragiance) The PWM waveform at duty cycle 15%,50% and 86% are as
. shown in Figure 7. If the duty cycle was set up to be less than
[ e | 15% or more than 86%, the output signal will be

7 asymmetrical which could result in unstable PWM control signal.
(Figure8)

Figure 6: Experimental flowchart
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(a) PWM setup from Lab VIEW at f = 120 Hz, D=15% compare with output signal from the DAQ USB-6008
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(c) PWM setup from Lab VIEW at f= 120 Hz, D=86% compare with output signal from the DAQ USB-6008

Figure 7: PWM signal that generate from LabVIEW with DAQ USB-6008
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Figure 8: PWM signal are unstable when D=96% and 12%

Moreover, if the frequency is adjusted from 10 Hz to 200 Hz, the measurement frequency
of the PWM signal at 200 Hz will result in more error than at lower frequencies.(Figure 9) In
addition to that, the range of the duty cycle will decrease if the signal frequency is
increase and close to 200 Hz.(Figure 10)

Setup frequency vs measured frequency PWM duty cycle vs frequency
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99 gg

g 93 94
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B0

60

—— Frequency(Hz) setup —p Vi [ %)

Duty cycle(%)
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20 =
3.4

14 10 27§ 7

50 100

frequency(Hz)
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number

Figure 9: Setup frequency VS measured Figure 10: Duty cycle VS measured

frequency. frequency.

Relationship between irradiance and LED’s power VS duty cycle.

When the duty cycle increases, the irradiance of the light from high-power LED also
increases linearly. At the maximum duty cycle (100%), the irradiance is equal to
928.1W/m? (Fig.11.). The irradiance of the LED is a linear function of the duty cycle. (The
solar power meter measures at the distance of 8 cm from the high-power LED.) This
experiment shows that the power of the high-power LED is a linear function of the duty
cycle. (Figure 11) The maximum power of the high-power LED is about 33.10W at 928.1
W/m? of irradiance. This means that the irradiance per watt is about 28 W/m?.

Irradiance and power vs duty cycle
1000
200
B0O

700

E 600 20 =
z g
‘g’ 00 , g
E 400 a
8] 20 40 dmc‘\’:IB{%] BO 100 120
—— lrradiance(W/m2)  --s-- P-LED{W)
Figure 11: Relationship of measured irradiance, measured power of LED and the duty

cycle
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Discussion

Based on the results (Figure 11), when the duty cycle is increased from 0 to 70%, the power
of the LED also increased linearly with the slope of approximately 1. Moreover, the
irradiance of the LED was linearly proportional to the duty cycle as well. After increasing
the duty cycle to more than 70%, the power became a non-linear curve with minimal
impact on the irradiance. This is because the energy loss at the p-n junction of the LED
will be more when the current is high and the thermal resistance of LED and the heat sink is
increased. At this point when the duty cycle is 70%, the temperature at the high-power LED
increased tecabout53.3  (by measurement). The results is in accordance with the study
of Bin-Juine

Huang et al.[11] They found that the constant current driving a 150 W LED causes an
illumination decrease of about 12% at the temperature rise of 40 =C. This showed that if
we have to control the illuminance of the LED linearly with the duty cycle of PWM, we
would need to decrease the temperature of the LED while operating. This can be done by
applying the heat sink with ventilating fan or adding the liquid cooling system or by using
the thermo- electric cooling device.[18] [19] Moreover, the high-power LEDs lifetime will
be extended based on the temperature corrections.[20] [21]

Conclusion

The method of signal VI simulation in LabVIEW is confirmed to be a possible
alternative method of generating the low-frequency PWM signals. The simulated signal VI
is adjustable with a more precise duty cycle than the analog hardware. This method was
easy and appropriate for a friendly user-interface. This idea can be applied for usage in
controlling the irradiance of the high-power LED. It is also convenient to interface PWM
signal from the DAQ device to control the power electronics switch of a Buck converter. The
irradiance of high-power LED is a linearly function of the duty cycle of the PWM signal.

This method offers beneficial controls for a vast number of the high-power LEDs. For
instance, such beneficial controls include the dimming of solar simulator for solar cell
testing or for the controlling of the LED system for cultivation.

The future research the authors have to improve upon is with regards to the linearity of the
duty cycle and the i