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Abstract: Light-emitting diode (LED) has the characteristics of environmental protection and energy
saving, having become the lighting source of a new generation of street-light lamps. The traditional
two-stage power supply for providing an LED street-light lamp is composed of an AC-DC converter
with a power-factor-correction (PFC) function at the front stage and a DC-DC converter at the rear
stage. The two-stage power supply for an LED street-light lamp has a large number of electronic
components and costs, and the circuit efficiency is not high. Therefore, this paper presents a novel
single-stage high power factor AC-DC power supply for providing an LED street-light lamp fea-
turing soft-switching and Bluetooth wireless dimming capability through using smart tablets or
smartphones to remote control the output power of the LED street-light lamp for achieving energy-
saving benefits. The proposed AC-DC LED power supply integrates an interleaved buck converter
circuit with coupled inductors and a half-bridge LLC resonant converter circuit into a single-stage
power conversion circuit. Moreover, the coupled inductor of the interleaved buck converter circuit
is designed to operate in the discontinuous conduction mode, which can naturally achieve PFC. In
addition, the two power switches in the novel LED power supply have zero-voltage switching (ZVS)
characteristics, which can reduce the switching losses of the power switches. The two output diodes
have the characteristics of zero-current switching (ZCS), which can reduce the conduction losses
of the power diodes. This paper developed a single-stage prototype circuit for providing an 144
W (36 V/4 A)-rated LED street-light lamp. According to the experimental results of the prototype
circuit with an AC input voltage of 110 volts, the presented single-stage LED power supply offers
high power factor (PF > 0.99), low input-current total harmonic distortion factor (THD < 3%), and
high efficiency (>89%). In addition, this paper used the built-in Bluetooth wireless communication
function of a smart tablet or smart phone to fulfill remote dimming control. By changing the duty
ratio of the control signal, we could realize remote dimming control of 20% to 100% of the output
LED street-light lamp power.

Keywords: Bluetooth; converter; light-emitting diode (LED); power factor correction (PFC); power
supply; street-light; wireless dimming

1. Introduction

The street-light lamps widely installed on roads, streets, parks, squares, public places,
and decorative outdoor lighting areas have the function of providing night lighting, being
are usually lit at night or in the dark and extinguished in the early morning. The tradi-
tional street lighting source is a high-pressure mercury lamp featuring low installation
cost. However, it has the disadvantages of poor luminous efficiency and high energy
consumption, as well as the problems of mercury pollution and being difficult to start up in

Energies 2021, 14, 477. https://doi.org/10.3390/en14020477 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-9185-7752
https://orcid.org/0000-0002-4300-5819
https://orcid.org/0000-0001-8611-4241
https://doi.org/10.3390/en14020477
https://doi.org/10.3390/en14020477
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14020477
https://www.mdpi.com/journal/energies
https://www.mdpi.com/1996-1073/14/2/477?type=check_update&version=1


Energies 2021, 14, 477 2 of 19

low-temperature circumstances. In recent years, high-pressure mercury lamps have been
replaced by light-emitting diode (LED) street-lights with their attractive characteristics
of environmental protection and energy-saving [1,2]. For instance, comparing an LED
street-light lamp with a high-pressure mercury one under approximately the same output
luminous flux, the LED version has a 50% lower power consumption (120 W vs. 250 W),
a 50% higher lighting efficacy (110 lm/W vs. 52 lm/W), and a longer average lifetime
(50,000 h vs. 24,000 h) [3,4]. Generally, the power supply circuit of LED street-light lamps
uses AC mains as the input power. The first stage is an AC-DC power converter with
power factor correction (PFC) function and the second stage is a DC-DC power converter to
provide the rated DC voltage and current required by the LED street-light lamp [5–8]. The
traditional two-stage AC-DC high power factor power supply (HPFPS) for providing an
LED street-light lamp includes an AC-DC boost converter as the first-stage circuit featuring
PFC and a DC-DC half-bridge LLC resonant (HB-LLCR) converter as the second-stage
circuit to supply the LED street-light lamp with rated power. Figure 1 shows the two-stage
AC-DC power supply for providing an LED street-light lamp that consists of a boost con-
verter with PFC and a HB-LLRC converter [8]. In their respective studies, [9–18] developed
and implemented the integration of the first-stage AC-DC converter and the second-stage
DC-DC converter into a single-stage LED power supply, which is characterized by im-
proved circuit efficiency and reduction in the number of circuit components. An existing
single-stage HPFPS for furnishing an LED street-light lamp merging with an interleaved
boost converter and a HB-LLC converter was developed in [18], as depicted in Figure 2.
The AC-DC power supplies as shown in Figures 1 and 2 for providing an LED street-light
lamp are based on boost-type power conversion in the front-part circuit, and the voltage
stresses of the DC-link capacitor and power switches are high.
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Figure 1. Traditional two‐stage AC‐DC power supply for providing a light‐emitting diode (LED) street‐light lamp [8]. 
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Figure 3. The proposed single‐stage AC‐DC power supply with PFC for providing an LED street‐lighting lamp [22]. 

Figure 1. Traditional two-stage AC-DC power supply for providing a light-emitting diode (LED) street-light lamp [8].
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In order to lower voltage stresses of the DC-link capacitor as well as the power
switches, this paper presents a single-stage AC-DC HPFPS based on buck-type power
conversion in the front-part circuit for providing an LED street-light lamp. In addition, the
following will illustrate an energy-saving design example for outdoor lighting applications
that can be applied to provide dimming control of the power supply for LED street-light
lamps [19]. During the period from six to twelve o’clock in the evening, let the LED street-
light power supply produce 100% of the rated power to provide sufficient night lighting for
the general public and passersby. After twelve o’clock in the morning, the output power of
the LED street-light lamp can be reduced to 80% of the rated value. After two o’clock in
the morning, the output power of the LED street-light lamp can be decreased to 60% of the
rated value. After four o’clock in the morning, the demand for night lighting gradually
decreases, and thus the output power of the LED street-light lamp can be reduced to 40%
or 20% of the rated value. The power supply for the LED street-light lamp can be turned off
during the period from six in the morning to six in the evening. The LED street-light power
supply with dimming capability is suitable to adjust the output power in the above scheme
in order to achieve the effect of energy saving and power saving [15,20,21]. Therefore, this
paper developed a Bluetooth wireless dimming capability using a smart device (tablet
or mobile phone) to carry out remote dimming control of the output power of the LED
street-light lamp.

2. Description and Circuit Analysis of the Proposed Single-Stage Power Supply for
Providing an LED Street-Light Lamp

This paper proposes a single-stage AC-DC HPFPS based on buck-type power con-
version in the front-part circuit, as shown in Figure 3, for providing an LED street-light
lamp; it integrates an AC-DC interleaved buck converter with PFC (including an inductor
(Lf), a capacitor (Cf), a full-bridge rectifier (Dr1, Dr2, Dr3, and Dr4), two coupled inductors
(LB1 and LB2; LB3 and LB4), four diodes (DB1, DB2, DB3, and DB4), two switches (S1 and S2)
as well as a DC-link capacitor (CDC), a DC-DC HB-LLCR converter (including switches
(S1 and S2a), a DC-link capacitor (CDC), a resonant inductor (Lr), a resonant capacitor (Cr),
a center-tapped transformer (T) along with a magnetizing inductor (Lm) and two output
windings, two output diodes (D1 nd D2), an output capacitor (Co), and the LED street-light
lamp) into single-stage AC-DC power conversion circuit [22].
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In order to facilitate the descriptions of the operation modes in the proposed LED
power supply, we made the following assumptions during circuit analysis.

• The input AC mains voltage can be regarded as a fixed level in each high-frequency
switching cycle, because its switching frequency is much greater than that one of the
utility line.

• The rectified equivalent voltage sources VREC1 and VREC2 are respectively expressed
as the voltage on capacitors Cin1 and Cin2 after the AC mains voltage is passed through
the inductor Lf, the capacitor Cf, and the full-bridge rectifier.
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• The power switches S1 and S2 work complementarily, taking into account their essen-
tial diodes and parasitic capacitors.

• The forward-biased voltage drops and equivalent resistors of diodes (D1, D2, Do1, Do2,
Do3, and Do4) are ignored.

• The equivalent series resistors of all capacitors are neglected.
• Two coupled inductors (LB1 and LB2; LB3 and LB4) are arranged to work in discontinu-

ous conduction mode (DCM).

Figure 4 displays the equivalent circuit diagram of the proposed single-stage AC-DC
power supply for providing an LED street-light lamp.
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The operational modes and theoretical waveforms of the presented LED power supply
are shown in Figures 5 and 6, respectively, and the circuit analysis along with the operating
of the LED power supply is described and discussed in detail below.

Mode 1 (the equivalent circuit as shown in Figure 5a): suppose that in the previous mode,
the energy stored in the parasitic capacitor of the power switch S1 is released, so that the
switch voltage vDS1 drops to zero, causing the essential diode of the switch S1 to be turned
on at time t0. The resonant inductor Lr and the magnetizing inductor Lm offer energy to the
parasitic capacitor of the power switch S2 and the DC-link capacitor CDC and the resonant
capacitor Cr by way of the essential diode of the switch S1, and offer energy to the output
capacitor Co and the LED street-light lamp via the transformer T and the output diode D1.
Since the diode DB3 is forward-biased and turned on in the previous mode, the coupled
inductors LB3 and LB4 offer energy to the DC-link capacitor CDC by means of the diode DB3.
When the current iLr of the resonant inductor Lr is decreased to zero, this mode finishes.
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Mode 2 (the equivalent circuit as shown in Figure 5b): at time t1, the power switch S1 is
driven and turned on, and has the characteristics of zero-voltage switching (ZVS). The
rectified equivalent voltage source VREC1 offers energy to the coupled inductor LB1 by way
of the diode DB1 and the switch S1, and the coupled inductor current iLB1 rises linearly.
In addition, the diode DB2 is reversely biased and cannot be turned on. The DC-link
capacitor CDC, the resonant capacitor Cr, and the magnetizing inductor Lm offer energy to
the resonant inductor Lr via the switch S1, and offer energy to the output capacitor Co and
the LED street-light lamp by means of the transformer T and the output diode D1. The
DC-link capacitor CDC offers energy to the parasitic capacitor of the power switch S2 by
way of the switch S1. The coupled inductors LB3 and LB4 continuously offer energy to the
DC-link capacitor CDC by means of the diode DB3. When the coupled inductor current iLB4
drops to zero, this mode completes.

Mode 3 (the equivalent circuit as shown in Figure 5c): the rectified equivalent voltage
source VREC1 keeps on providing energy to the inductor LB1 by way of the diode DB1
and the switch S1, and the inductor current iLB1 goes on increasing linearly. The DC-link
capacitor CDC and the resonant capacitor Cr continuously offer energy to the resonant
inductor Lr and the magnetizing inductor Lm by means of the switch S1, and supply energy
to the output capacitor Co and the LED street-light lamp by way of the transformer T and
the output diode D1. The DC-link capacitor CDC continuously offers energy to the parasitic
capacitor of the power switch S2 by means of the switch S1. When the diode current iD1
drops to zero at time t3, this mode ends.

Mode 4 (the equivalent circuit as shown in Figure 5d): the rectified equivalent voltage
source VREC1 holds on providing energy to the inductor LB1 by way of the diode DB1 and
the switch S1, and the inductor current iLB1 keeps on rising linearly. The DC-link capacitor
CDC and the resonant capacitor Cr continuously offer energy to the resonant inductor
Lr and the magnetizing inductor Lm through the switch S1. The DC-link capacitor CDC
continuously supplies energy from the switch S1 to the parasitic capacitor of the power
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switch S2. The capacitor Co provides energy to the LED street-light lamp. When switch S1
is turned off at time t4, this mode completes.
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Mode 5 (the equivalent circuit as shown in Figure 5e): when the switch S1 is turned off,
the diode DB2 is turned on for being forward-biased, and the coupled inductors LB1 and
LB2 offer energy to the DC-link capacitor CDC by way of the diode DB2, and the inductor
current iLB1 decreases linearly. The DC-link capacitor CDC and the parasitic capacitor of the
power switch S2 offer energy to the parasitic capacitor of the power switch S1, the resonant
capacitor Cr, the resonant inductor Lr and the magnetizing inductor Lm. The capacitor Co
continuously supplies energy to the LED street-light lamp. When the switching voltage
vDS2 drops to zero at time t5, this mode completes.

Mode 6 (the equivalent circuit as shown in Figure 5f): since in the previous mode, the
energy stored in the parasitic capacitor of the switch S2 is released, the switch voltage vDS2
drops to zero, which causes the essential diode of the switch S2 to conduct. The coupled
inductors LB1 and LB2 go on offering energy to the DC-link capacitor CDC by way of the
diode DB2, and the inductor current iLB1 keeps on showing a linear decrease. The DC-link
capacitor CDC, the resonant inductor Lr, and the magnetizing inductor Lm continuously
supply energy to the resonant capacitor Cr and the parasitic capacitor of the power switch
S1 by means of the essential diode of the switch S2, and the magnetizing inductor current
iLm decreases linearly. The output capacitor Co holds on providing energy to the LED
street-light lamp. When the switch S2 is turned on, this mode ends.

Mode 7 (the equivalent circuit as shown in Figure 5g): the power switch S2 is driven
and turned on, and has the characteristics of ZVS. The rectified equivalent voltage source
VREC2 offers energy to the inductor LB4 by way of the diode DB4 and the switch S2, and
the inductor current iLB4 rises linearly. In addition, the diode DB3 is reversely biased and
cannot be turned on. The coupled inductors LB1 and LB2 continuously provide energy to
the DC-link capacitor CDC by means of the diode DB2, and the inductor current iLB1 goes
on showing a linear decrease. The DC-link capacitor CDC offers energy to the parasitic
capacitor of the switch S1 by way of the power switch S2. The resonant capacitor Cr and
the magnetizing inductor Lm offer energy to the resonant inductor Lr, the output capacitor
Co, and the LED street-light lamp by means of the switch S2, the transformer T, and the
diode D2, and the magnetizing inductor current iLm keeps on showing a linear decrease.
When the magnetizing inductor current iLm reaches zero at time t7, this mode ends.

Mode 8 (the equivalent circuit as shown in Figure 5h): the rectified equivalent voltage
source VREC2 keeps on offering energy to the inductor LB4 by way of the diode DB4 and the
switch S2, and the inductor current iLB4 keeps on rising linearly. The coupled inductors LB1
and LB2 go on providing energy to the DC-link capacitor CDC by way of the diode DB2, and
the inductor current iLB1 goes on showing a linear decrease. The DC-link capacitor CDC
continuously supplies energy to the parasitic capacitor of the switch S1 by means of the
power switch S2. The resonant capacitor Cr offers energy to the resonant inductor Lr, the
magnetizing inductor Lm, the output capacitor Co, and the LED street-light lamp by way of
the switch S2, the transformer T and the diode D2. When the coupled inductor current iLB1
drops to zero, this mode completes.

Mode 9 (the equivalent circuit as shown in Figure 5i): the rectified equivalent voltage
source VREC2 holds on providing energy to the inductor LB4 by way of the diode DB4
and the switch S2, and the inductor current iLB4 keeps on rising linearly. The DC-link
capacitor CDC continuously provides energy to the parasitic capacitor of the switch S1 by
means of the power switch S2. The resonant capacitor Cr continuously supplies energy
to the resonant inductor Lr, magnetizing inductor Lm, output capacitor Co, and the LED
street-light lamp by way of the switch S2, the transformer T, and the diode D2. When the
diode current iD2 drops to zero at time t9, this mode completes.

Mode 10 (the equivalent circuit as shown in Figure 5j): the rectified equivalent voltage
source VREC2 continuously supplies energy to the inductor LB4 by means of the diode DB4
and the switch S2, and the inductor current iLB4 continues to show a linear increase. The
DC-link capacitor CDC continuously offers energy to the parasitic capacitor of the switch S1
by way of the power switch S2. The resonant capacitor Cr continuously offers energy to
the resonant inductor Lr and the magnetizing inductor Lm by means of the switch S2. The
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output capacitor Co offers energy to the LED street-light lamp. When switch S2 is turned
off at time t10, this mode completes.

Mode 11 (the equivalent circuit as shown in Figure 5k): when the switch S2 is turned
off, the diode DB3 is forwardly biased and turned on, and the coupled inductors LB3 and
LB4 offer energy to the DC-link capacitor CDC by way of the diode DB3, and the inductor
current iLB4 presents a linear decrease. The parasitic capacitor of the power switch S1 and
the resonant capacitor Cr provide energy to the resonant inductor Lr, the magnetizing
inductor Lm, and the DC-link capacitor CDC. The output capacitor Co continues to provide
energy to the LED street-light lamp. When the voltage vDS1 of the parasitic capacitor of the
switch S1 drops to zero at time t11, this mode completes. After that, the circuit returns to
operate Mode 1.

3. Design Considerations in the Presented Single-Stage AC-DC Power Supply for
Providing an LED Street-Light Lamp
3.1. Design of the Coupled Inductors

The input utility-line voltage can be expressed by

vAC(t) =
√

2vAC−rms sin(2π fACt) (1)

where vAC-rms and fAC are the root mean square (rms) value and the frequency of the input
utility-line voltage, respectively. Figure 7 shows the theoretical waveforms of the coupled
inductors’ currents iLB1 and iLB4 along with the input utility-line current iAC at the positive
half-cycle. The peak value of the coupled inductor current iLB1 is obtained as

iLB1−pk(t) =

∣∣∣√2vAC−rms sin(2π fACt)
∣∣∣

2LB1 fS
duty (2)

where fS and duty are the switching frequency and the duty cycle of the gate-driving signals
of two power switches, respectively. In each switching period, the input mains current
iAC(t) is equal to two times average level of the coupled-inductor current iLB1−pk(t), and
can be represented by

iAC(t) =
2

TS

∫ TS

0
iLB1−pk(t)dt =

√
2vAC−rms sin(2π fACt)

LB1 fS
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Figure 7. Theoretical waveforms of the coupled inductors currents iLB1 and iLB4 along with the input
utility-line current iAC at the positive half-cycle.
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Combining (1) with (3), the average input power PIN is indicated by

PIN =
1

TS

∫ TS

0
vAC(t)·iAC(t)dt =

vAC−rms
2

LB1 fS
duty2 (4)

The relationship between the rated-output LED power Po and the input power Pin is
given by

PO = PIN ·η =
ηvAC−rms

2

LB1 fS
duty2 (5)

where η is the estimated circuit efficiency of the LED power supply.
Rearranging (5), the mathematical expression for designing the coupled inductor LB1

is indicated by

LB1 =
ηvAC−rms

2

Plamp fS
duty2 (6)

With a η of 0.9, a vAC-rms of 110 V, a D of 0.5, a Po of 144 W, and a switching frequency
fS of 100 kHz, the inductance of the coupled inductor LB1 is calculated as

LB1 =
ηvAC−rms

2

Plamp fS
duty2 =

0.9·1102

144·100k
0.52 = 189.06 µH

In addition, in the prototype circuit, the coupled inductor LB1 is selected to be 180 µH,
with the coupled inductors LB2, LB3, and LB4 having the same values as LB1.

3.2. Design of the LLC Resonant Network

According to the design equations of the LLC resonant network as shown in [23], the
inductor Lr can be expressed by

Lr =
QrReq

2π fr1
(7)

where Qr is the quality factor, Req is represented as the equivalent output resistance referring
to the primary side of the transformer T, and f r1 is the main resonant frequency of the LLC
resonant network.

The magnetic inductor Lm is given by

Lm = ALr (8)

where A is the inductance ratio. The resonant capacitor Cr is described as

Cr =
1

(2π fr1)
2Lr

(9)

With an f r1 of 100 kHz, an Req of 182.4 Ω, an A of 5, and a Qr of 0.3, the parameters of
the LLC resonant network are respectively calculated as

Lr =
QrReq

2π fr1
=

0.3·182.4
2π·100k

= 87.09 µH

Lm = ALr = 5·87.09µ = 435.45 µH

and
Cr =

1

(2π fr1)
2Lr

=
1

(2π·100k)2·87.09µ
= 29.09 nF

In addition, the inductors Lr and Lm, and capacitor Cr are selected as 90 µH, 450 µH,
and 22 nF, respectively.
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4. Experimental Results of the Prototype AC-DC Power Supply for Providing an LED
Street-Light Lamp

Table 1 shows the specifications of the experimental LED street-light lamp, with this
paper completing the development of a single-stage prototype power supply for providing
an 144 W (36 V/4 A)-rated LED street-light lamp suitable for an AC input utility-line
voltage of 110 V. Table 2 presents the utilized circuit components in the proposed single-
stage AC-DC power supply for providing an LED street-light lamp.

Table 1. Specifications of the experimental LED street-light lamp.

Parameter Value

Input utility-line voltage vAC 110 V (rms)
Input utility-line frequency fAC 60 Hz

Rated LED power 144 W
Rated LED voltage 36 V
Rated LED current 4 A

Table 2. Circuit components utilized in the presented AC-DC power supply for supplying an LED
street-light lamp.

Parameter Value

Capacitors (Cin1, Cin2) 330 nF
Coupled inductors (LB1 and LB2; LB3 and LB4) 179 µH

Diodes (DB1, DB2, DB3, DB4) MUR460
Power switches (S1, S2) STP20NM60
DC-link capacitor CDC 220 µF/450 V

Magnetizing inductor Lm 450 µH
Resonant inductor Lr 90 µH
Resonant capacitor Cr 22 nF

Diodes (D1, D2) MBR30H100CT
Output capacitor Co 2200 µF/63 V

Figure 8 demonstrates experimental waveforms of coupled inductor currents iLB1
and iLB4. Figure 9 presents the experimental waveforms of the power switch voltage
vDS2 and the resonant inductor current iLr. From the waveform, it is known that the
voltage waveform leads the current waveform, and thus the resonant network has the
characteristics of an inductive load. Figure 10 demonstrates the experimental waveforms
of the power switch voltage vDS1 and current iDS1. It can be seen that ZVS was achieved on
the power switch, which can reduce the switching losses of the power switch. Figure 11
presents the experimental waveforms of the power switch voltage vDS1 and the diode
current iD1. The waveform diagram shows that the output diode had the characteristic of
zero-current switching (ZCS), which can reduce the conduction loss of the power diode.
Figure 12 presents the experimental waveform of the DC-link voltage VDC, with the
average level of the DC-link voltage being 228.7 V. Figure 13 demonstrates the experimental
waveforms of the output voltage VO and the output current IO. The average levels of the
output voltage and current were approximately 36 V and 4 A, respectively.

Figure 14 shows the experimental waveforms of the input AC mains voltage vAC and
current iAC. It can be seen from the figure that the input AC mains current followed the
input AC mains voltage and that the phases of the two waveforms were the same, which
resulted in a high power factor. Figure 15 demonstrates the comparisons between the
measured harmonics of each order of the input AC mains current and the IEC 61000-3-2
Class C standard values through using a power analyzer (Tektronix PA 4000) at an AC
input voltage of 110 V. It can be seen from the figure that the measured harmonics of
each order of the input AC mains current met the requirements of the specification. The
measured power factor and total harmonic distortion factor of the input AC utility-line
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current were 0.9992 and 2.2954%, respectively. In addition, the measured efficiency of the
prototype LED power supply circuit was 89.53%.
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Table 3 shows the experimental results of the output LED voltage and output LED
current ripples for the presented LED power supply at an input AC mains voltage of 110 V.
It is observed that the experimental voltage and current ripple factors were less than 4%
and 2%, respectively. Figure 16 is a photo of the proposed single-stage prototype power
supply circuit that lights up the LED street-light lamp provided with an AC power source.
Furthermore, Table 4 shows comparisons between the existing single-stage AC-DC LED
power supply in reference [18] and the proposed one. It can be seen that the presented
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power supply possessed lower input AC mains current total harmonic distortion (THD)
and better circuit efficiency in comparison to reference [18].
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Table 3. Experimental results of the output LED voltage and output LED current ripples of the
presented AC-DC LED power supply at an input AC mains voltage of 110 V.

Parameter Value

Average level of output LED voltage 36.03 V
Peak-to-peak level of output LED voltage 1.3 V

Voltage ripple factor 3.61%
Average level of output LED current 3.938 A

Peak-to-peak level of output LED current 67 mA
Current ripple factor 1.7%
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Figure 16. An overhead photograph of the proposed AC-DC power supply providing the LED
street-light lamp with an input AC mains voltage of 110 V.

Table 4. Comparisons between the existing single-stage AC-DC LED power supply in [18] and the presented version in this paper.

Item Existing AC-DC LED Power Supply in
Reference [18]

Presented
AC-DC LED Power Supply

Circuit topology Integration of interleaved boost converter and
HB-LLCR converter

Integration of interleaved buck converter with
coupled-inductors and HB-LLCR converter

Number of required power switches 2 2
Number of required diodes 8 10

Number of required capacitors 6 6
Number of required magnetic components 5 5

Input utility-line voltage 110 V 110 V
Output power 144 W (36 V/4 A) 144 W (36 V/4 A)

Measured power factor >0.99 >0.99
Measured current THD <10% <3%

Measured circuit efficiency >88% >89.5%

5. Bluetooth Wireless Dimming Tests of the Prototype AC-DC Power Supply for
Providing an LED Street-Light Lamp

Figure 17 shows the architecture diagram of the proposed AC-DC power supply,
which uses Bluetooth wireless communication technology to achieve the function of remote
digital dimming control of the LED street-light lamp. In the wireless dimming control
scheme of the LED street-light power supply circuit, the dimming control command sent
by the administrator through the smart device (for example a smart tablet, a smart pad, or
a smartphone) is sent to the microcontroller (Arduino NANO) via the Bluetooth wireless
communication using a Bluetooth communication module (the model name is HC-05).
Then, the dimming control signal from the microcontroller is sent to the power switch
Sdim, which is connected in series with the LED street-light lamp and that is responsible
for dimming control. By changing the duty ratio of the digital dimming control signal
(from 100% to 20%) fed into the power switch Sdim, we can achieve the process of dimming
and controlling the LED street-light lamp at 100% to 20% of the rated output power using
Bluetooth wireless communication.
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Figure 17. The architecture diagram of the proposed AC‐DC power supply for providing an LED street‐light lamp with 

Bluetooth wireless dimming capability. 
Figure 17. The architecture diagram of the proposed AC-DC power supply for providing an LED street-light lamp with
Bluetooth wireless dimming capability.

Table 5 demonstrates the measured output current IO of the LED street-light lamp
when the duty ratio of the dimming control signal ranged from 20% to 100%. The measured
output LED street-light lamp currents were 0.591 A, 1.063 A, 1.378 A, 1.811 A, 2.127 A,
2.914 A, 3.347 A, 3.702 A and 3.938 A when the duty ratio of the dimming control signal
was at 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 100%, respectively. Moreover, the
normalized value of the output LED street-light lamp current, IO, normalized, is defined as the
measured LED current divided by the rated one during the dimming process. By utilizing
the measured data as shown in Table 5, the graph in Figure 18 shows the relationship
between the duty ratio of the dimming control signal and the normalized output LED
current IO, normalized. Additionally, the minimum value of the normalized output LED
current was 0.1471, while the duty ratio of the dimming control signal was 20%.

Table 5. The measured output LED current at different duty ratios of the dimming control signal
during the Bluetooth wireless dimming process.

Duty Ratio of the Dimming Control Signal Measured Output LED Current IO

20% 0.591 A
30% 1.063 A
40% 1.378 A
50% 1.811 A
60% 2.127 A
70% 2.914 A
80% 3.347 A
90% 3.702 A
100% 3.938 A
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Figure 18. The relationship between the duty ratio of dimming control signal and the normalized output LED current
IO, normalized.

6. Conclusions

Compared with high-pressure mercury lamps, LEDs have the advantages of long
service life, high lighting efficiency, and low power consumption, having become a new
generation of street light sources. This paper proposed and analyzed a single-stage AC-DC
power supply, combining an interleaved buck converter with coupled inductors and an HB-
LLCR converter for providing an LED street-light lamp with features of high power factor
and soft-switching. A prototype power supply for providing a 144 W-rated LED street-
light lamp was successfully implemented and tested. In addition, this paper developed
Bluetooth dimming applications for smart tablets or smart phones, having the function
of remote wireless dimming to control the output power of the LED street-light lamp,
achieving energy-saving benefits. Satisfactory experimental results acquired from the
prototype LED power supply demonstrated that a high power-factor (>0.99), a low utility-
line current THD (<3%), a high circuit efficiency (>89%), ZVS on power switches, ZCS on
power diodes, and Bluetooth wireless dimming control at 20–100% of rated output power.
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