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 This paper focuses on a single-switch buck-boost (SSBB) converter for light 

emitting diode (LED) lighting applications. The proposed LED driver with 

power factor correction (PFC) shows enhanced performance in terms of 

input power factor, efficiency and reduced voltage stress across the switch. 

The presented LED driver is operated in discontinuous conduction mode 

(DCM). The input PFC is carried out using average current mode control 

(ACMC) and the controller is optimized using artificial bee colony (ABC) 

algorithm. A hardware prototype of 50W LED driver with ACMC for PFC is 

implemented using a programmable interface circuit (PIC) microcontroller. 

The experimental results are presented and the performance is compared 

with a conventional buck boost LED driver. The proposed SSBB LED driver 

achieves an input power factor of 0.96 with an efficiency of 98%. 
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1. INTRODUCTION 

The solid state lighting (SSL) technology replaces traditional lighting solution for the past few years 

[1]–[3]. At present high brightness light emitting diodes (HBLEDs) are very attractive light sources due to 

their excellent characteristics such as: long life span, mercury free construction, energy efficiency, fast 

response, environmental friendliness, and solid state encapsulation [4]–[7]. The LED technology was 

previously used for status indicators, board level electronic systems and transport signals [8]. But recently, it 

has been considered as a viable solution in display, decorative and general lighting [9]. The worldwide report 

shows that nearly 30% of total energy consumed is spent on buildings [10]. Since lighting accounts for a 

major share of energy consumption worldwide, it is the need of the hour to look for energy efficient LED 

lighting system. Due to the VI characteristics of LEDs, controlling its dc forward current requires an LED 

driver. Since the primary energy source is ac, there is a need for an AC/DC converter to be placed between 

the supply and HBLEDs [10]. If the total power handled by these converters is greater than 25 W, then the 

harmonic content of line current must comply with lighting standards such as IEC61000 3.2 and 

ENERGYSTAR 2009. To comply with these regulations, the only practical method is to use active power 

factor correction (PFC) converters [10], [11]. 

Active LED driver circuits incorporate switched mode power conversion topology. It takes the 

advantages of high frequency operation and active output current regulation with compactness. These 

advantages make the active type LED drivers very distinctive for a broad range of interior applications [12]. The 

various functions like power factor correction (PFC), current distribution, dimmable lighting, isolation, fault 

prevention and temperature maintenance can be easily included in switched mode based LED circuits to meet 

https://creativecommons.org/licenses/by-sa/4.0/
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diverse applications [13]–[15]. Among the switched mode circuits, a buck PFC circuit is commonly used 

because of its simplicity. The output voltage of buck circuit will be lesser than the input voltage. It faces dead 

zone which means that, when input voltage is lesser than the output voltage, the input current reaches zero. This 

leads to distortions in source current [13]. Hence, buck type circuits are not suitable for PFC applications. The 

boost circuit is suitable for PFC applications for LED lighting due to its source side inductor [13], [15], [16]. It 

suffers from higher voltage stress and requires more number of LEDs to be connected in series. This leads to 

increased cost [17]. Flyback circuit is a good choice for low power applications due to less number of 

components. However, due to high leakage inductance, efficiency is low [18].  

A traditional buck-boost circuit works in step-up/step-down mode and it is commonly used for low 

and medium LED power applications [19]–[21]. However, it suffers from high switching stress due to 

inverted output [22]–[25]. It requires isolated gate driver circuit and independent grounding for source and 

load side. A new approach for the design of proportional-integral-derivative (PID) controller in order to 

improve the performance of buck-boost LED driver is presented in [22]. A bridgeless buck-boost PFC circuit 

with isolated flyback operating in discontinuous conduction mode (DCM) is reported [23]. The design 

application of bridgeless buck-boost PFC circuit is well suited for wide range of LED lighting systems. 

Recently, a high-efficiency non-isolated zero voltage switching (ZVS) synchronous buck-boost LED driver 

for automobile lighting applications is also presented [24]. A non-inverting buck-boost (NIBB) converter 

incorporating two switches using electrolytic capacitor (EC)-less PFC integrated bi-directional converter 

(BDC) is available in the literature [25]. Due to the large number of active switches and devices, the circuit 

complexity increases in the case of two switch NIBB converter.  

Hence, in this paper a non-inverting, single switch buck-boost (SSBB) circuit as LED driver is 

suggested to overcome the above-mentioned drawbacks. The voltage gain of the SSBB driver circuit is 

higher than the traditional buck–boost circuit [26]. Here, in this converter, only one power switch is 

employed which makes the control scheme simple as well as it reduces the switching power losses. The 

proposed SSBB LED driver circuit solves the above-mentioned problems of traditional buck boost circuits, 

by reducing the stress on the switch components. To implement PFC, average current mode control (ACMC) 

scheme is implemented. The controller parameters are optimized using the well-known artificial bee colony 

(ABC) algorithm so that the input power factor is almost unity. The efficiency of the proposed LED driver is 

almost 98%, due to the reduced switch stress as well as single switch operation. 

The remaining part of the paper is organized in this way. Section 2 presents circuit configuration and 

principle of operation of the proposed LED driver. The design of the SSBB LED driver in DCM is discussed in 

section 3. Section 4 focuses on state space modelling, ACMC technique and ABC algorithm for tuning the 

controllers and finally, section 5 discusses the simulation and experimental results of the SSBB LED driver system. 

 

 

2. CIRCUIT CONFIGURATION AND PRINCIPLE OF OPERATION OF SSBB LED DRIVER 

The block diagram implementation of the SSBB LED driver is shown in Figure 1. It consists of a 

diode bridge rectifier, non-inverting SSBB converter, input PFC controller and LED load. The SSBB converter 

consists of a single switch (S), two diodes (Da, Db), five energy storage elements including inductors and 

capacitors (La, Lb, Ca, Cb and Cc) as shown in Figure 1. Among the passive elements, capacitors (Ca and Cb) are 

in parallel with the diodes (Da and Db). The input current shaping of the proposed LED driver circuit is carried 

out by ACMC. ACMC scheme employs an outer voltage loop and an inner current loop as shown in Figure 1.  
 
 

 
 

Figure 1. SSBB LED driver with ACMC 
 
 

The proposed SSBB LED driver circuit operates in DCM. The theoretical waveforms of the SSBB 

converter are depicted in Figure 2 [26]. The modes of operation of SSBB are depicted in Figures 3(a) to 3(e). 
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During mode I (time interval: t0 to t1 as seen in Figure 2), when the switch (S) is ON, both the diodes (Da and Db) 

are in OFF condition. As seen in Figure 3(a), the inductance (La) is energized through (Vdc) and the inductance 

(Lb) is also magnetized by capacitors (Ca and Cc) via Vdc. Hence energy stored in the capacitors (Cb and Cc) are 

discharged through the LEDs. The voltages across the inductors, (VLa and VLb) are given by (1) and (2). 
 

VV dc=La  (1) 

 

VVVV CcCadc −+=La  (2) 

 

 

 
 

Figure 2. Theoretical waveforms of SSBB LED driver in DCM 
 

 

During mode II (time interval: t1 to t2 as seen in Figure 2), when switch (S) is turned OFF, diode 

(Da) is turned ON and diode (Db) is still in OFF condition. As seen in Figure 3(b), the capacitors (Ca and Cc) 

are charged through inductance (La and Lb) respectively. The inductors are demagnetized and the energy 

stored in the capacitor (Cb) is discharged through the LEDs. Hence voltage across the inductors, (VLa and 

VLb) are given by (3) and (4).  
 

0VV dc =+La  (3) 

 

VV Cc−=Lb  (4) 

 

Capacitors (Ca and Cb) are charged and discharged respectively, until their voltages are equal. 

Therefore, the capacitors (Ca and Cc) are not connected in parallel due to different voltage levels across them. 

Hence, the current spikes are avoided through the diodes and capacitors in this mode of operation. 

During mode III (time interval: t2 to t3 as seen in Figure 2), the switch (S) is still in OFF condition 

and the diodes (Da and Db) are in ON condition as noticed in Figure 3(c). The voltage across the capacitors 

(Ca and Cb) are equal as mentioned in mode I operation which are given by (1) and (2). Hence, the capacitors 

(Ca and Cb) are in parallel. The voltages across the capacitors (Ca and Cb) are mentioned in (5). 
 

VV CbCa =  (5) 

 

These capacitors (Ca and Cb) are charged through La. Also, Lb charges the capacitor (Cc). Hence 

inductors (La and Lb) are demagnetized linearly. During mode IV (time interval: t3 to t4 as seen in Figure 2), 

when switch (S) is still in OFF condition, the diode (Da) remains OFF and the diode (Db) in ON state as 

noticed from Figure 3(d). The (3) and (4) are valid for mode IV. 

During mode V (time interval: t4 to t5 as seen in Figure 2), when switch (S) and the diodes (Da and 

Db) are all in OFF condition as noticed in Figure 3(e). The current through inductance will be constant and 

hence the voltage across the inductance will be zero as represented by (6). 
 

0==VV LbLa  (6) 

 

 ts


 ts

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The voltage across capacitors (Cb and Cc) is 
𝑑

1−𝑑
 times the rectified dc input voltage (Vdc), where d is the duty 

cycle. Since LED load is connected across the capacitors (Cb and Cc), the output voltage (Vo) is equal to 
2𝑑

1−𝑑
 times of Vdc. 

 

 

  
(a) (b) 

  
(c) (d) 

 
(e) 

 

Figure 3. Operating modes of SSBB converter (a) mode I, (b) mode II, (c) mode III, (d) mode IV, and  

(e) mode V 

 

 

3. DESIGN OF SSBB LED DRIVER IN DCM 

Under steady state operation and applying the volt second balance equation on inductance (La) and 

using (1), (3), and (4), the following (7) is obtained. 

 

𝑉𝐿𝑎
= 𝑑𝑉dc − (𝛼 + 𝛽)𝑉Ca = 0 (7) 

 

Where 𝛼𝑡𝑠 represents the time interval of second mode of operation and 𝛽𝑡𝑠 represents the time interval of 

third and fourth modes of operation as shown in Figure 2. By simplifying (7), we get (8). 

 

𝑉Ca =
𝑑

𝛼+𝛽
𝑉dc (8) 

 

Using (5) and (8), the voltage gain (Gv) in DCM is derived as (9). 

 

𝐺(𝑉)𝐷𝐶𝑀 =
2𝑑

𝛼+𝛽
 (9) 
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For 𝑡 =  𝑑𝑡𝑠
, t0 = 0, as seen in Figure 2 the current ripple of the inductors (La and Lb) is obtained as 𝛥𝑖𝐿𝑎

 and 

𝛥𝑖𝐿𝑏
.  

asw

dc
aL

Lf

)V(
i

d
=  (10)  

 

bsw

dc
bL

Lf

)V(
i

d
=  (11) 

 

According to the waveforms noticed from Figure 2, the average current values through the inductances  

(La and Lb) can be written as follows: 

 

𝑖𝐿𝑎
=

𝑑+𝛼+𝛽

2
𝛥𝑖𝐿𝑎

+ 𝐼𝐿𝑂
 (12) 

 

𝑖𝐿𝑏
=

𝑑+𝛼+𝛽

2
𝛥𝑖𝐿𝑏

+ 𝐼𝐿𝑂
 (13) 

 

where (ILO) is the inductor current gain in DCM mode, from (10), (11), (12) and (13), it is derived as (14). 

 











 +
−







 +
−






 ++
=

absw

dc
L

4L

βα

L

1

4

βα

2

βαd

f

dV
I

O
 (14) 

 

During DCM, the currents flowing from inductors do not reach zero. However, they reach ILO
 as seen in 

Figure 2. Substituting (12) and (13) into (14) yields (15) and (16). Hence: 

 

R

V
I

L

O
ObL ==i  (15) 

 

where RL, is the equivalent resistance of LED load. The inductance current, (iLb ) can also be written as (16). 

 











 +
−






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−






 ++
−






 ++
=

absw

dc

bsw

dc
bL

4L

βα

L

1

4

βα

2

βαd

f

dV

2

βαd

Lf

dV
i  (16) 

 

Where: 

 

L

basw

R

)L||(Lf8
βα =+  (17) 

 

using (9) and (17), the voltage gain (Gv) in DCM of the SSBB converter can be written as (18). 

 

L

basw

(V)DCM

R

)L||(Lf8

2d
G =  (18) 

 

It is noticed that when average currents of diodes are <50 % of current ripple, the diodes are turned OFF. 

This is stated in (19). 

 

𝑖𝐿𝑎
+ 𝑖𝐿𝑏

< Δi𝐿𝑎
+ Δi𝐿𝑏

 (19) 

 

By considering all the inductances, the simplified inductor time constant (𝜏𝐿) is obtained by substituting 

current ripples of inductors from (10) and (11) into (19) as (20). 

 

L

basw
L

R

)L||(Lf4
τ =  (20) 

dcCa
VV

 +
=

d
dcCa

VV
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dcCa
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=
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dcCa

VV
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Hence the voltage gain of the LED driver in DCM will be re-written by substituting (20) in (18) as (21). 

 

𝐺(𝑉)DCM =
2d

√2τ𝐿
 (21) 

 

The boundary normalized inductor current (𝜏𝐿𝐵) is obtained from the gain of the SSBB converter. 

 

𝜏LB = (1/2))2 (22) 

 

When 𝜏𝐿<𝜏𝐿𝐵, SSBB converter works in DCM, but if 𝜏𝐿>𝜏𝐿𝐵, the SSBB converter switches over to CCM. 

The values of inductors are obtained from (20) and (22). The capacitors (Ca, Cb and Cc) are designed to 

reduce the output voltage ripple. The design equations are mentioned below: 

 

VRf/VC L Caswoa d   (23) 

 

VLRf)1/(d2C L
2

Cbbswb d −  (24) 

 

VLf/dC
2
sw

2v Ccb
dcc   (25) 

 

where ∆𝑉𝑐𝑎, ∆𝑉𝑐𝑏, ∆𝑉𝑐𝑐 are the ripple voltages across the capacitors (Ca, Cb and Cc).  

 

 

4. CONTROL METHODOLOGY 

4.1.   ACMC scheme for PFC 

As stated in the circuit configuration of section 2, the ACMC scheme for PFC includes an inner 

current loop and an outer voltage loop. In the outer voltage loop, the load voltage (Vo) is sensed and it is 

compared with (Vref) to generate the voltage error signal (e1). Then, the voltage error signal (e1) is processed 

by PID1 and the output of PID1 is multiplied (m) with the rectified dc voltage to provide reference current 

(Iref) as shown in Figure 4. In the inner loop, the sensed inductor current (iLa) is compared with Iref to produce 

current error signal (e2), which will be processed by PID2. Since the output of PID2 signal is analog in 

nature, the current error signal obtained from the inner current loop is fed as the input to the PWM 

comparator (c). It is then compared with the ramp signal (Vramp) and fed to the PWM latch, to generate gate 

pulses to the switch (S). The parameters of PID 1 and 2 are obtained by employing a meta-heuristic 

optimization algorithm known as artificial bee colony (ABC) [27]–[29]. State space modelling of SSBB 

converter is necessary to obtain the optimized values of PID controllers [30]–[33]. 
 

4.2.  State space modelling of the SSBB LED driver circuit 

The proposed LED driver circuit is modelled using state space approach [30]–[33]. The SSBB 

converter when operated in DCM, exhibits five different modes in one switching period (ts). The analytical 

waveforms of the SSBB converter are depicted in Figure 2. The general state-space equations for these five 

modes are represented by (26) to (30). 
 

𝑋̇ =  𝐴1𝑋 +  𝐵1𝑈 
𝑌 =  𝐶1𝑋 +  𝐸1𝑈

} (26) 

 

𝑋̇ =  𝐴2𝑋 + 𝐵2𝑈 
𝑌 =  𝐶2𝑋 +  𝐸2𝑈

} (27) 

 

𝑋̇ =  𝐴3𝑋 + 𝐵3𝑈 
𝑌 =  𝐶3𝑋 +  𝐸3𝑈

}  (28) 

 

𝑋̇ =  𝐴4𝑋 + 𝐵4𝑈 
𝑌 =  𝐶4𝑋 +  𝐸4𝑈

} (29) 

 

𝑋̇ =  𝐴5𝑋 + 𝐵5𝑈 
𝑌 =  𝐶5𝑋 +  𝐸5𝑈

} (30) 
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Where A, B, C, E are the system matrix, X is the state variable, 𝑋̇ is the state variable derivative, U is the 

input and Y is the output. Since the SSBB LED driver consists of La, Lb, Ca, Cb and Cc the state vector 

variables selected are as given by (31). 

 

ix La1 = , ix Lb2 = , vx Ca3 = , vx Cb4 = , vx Cc5 =  (31) 

 

From (26) to (30), the resultant state space equation can be written as mentioned in (32). 

 

𝑋̇ =  𝐴𝑋 +  𝐵𝑈 
𝑌 =  𝐶𝑋 +  𝐸𝑈

} (32) 

 

By considering the duty cycles of each state as (d1, d2, d3, d4, d5), the matrices can be expressed as in (33) 

to (36). 

 

dddddA 5544332211 AAAAA ++++=  (33) 

 

ddddd 5544332211 BBBBBB ++++=  (34) 

 

ddddd 5544332211 CCCCCC ++++=  (35) 

 

ddddd 5544332211 EEEEEE ++++=  (36) 

 

Where, E represents the feed forward gain matrix and it is assumed to be zero and the duty cycles of each 

state can be expressed in (37) to (40) by looking into the Figure 2. 

 

tdd s1 =  (37) 

 

td s2 =  (38) 

 

tdd s43 =+  (39) 

 

tt)d1(d ss5 −−=  (40) 

 

The matrices A1, A2, A3, A4, A5, B1, B2, B3, B4, B5, C1, C2, C3, C4, C5 are determined from the 

equivalent circuits mentioned in Figure 3 and are presented in (41) to (47). 
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11000C =  (47) 

 

By substituting the design values mentioned in Tables 1 and 2 in (33) to (36), the transfer function 

(𝑉𝑜(𝑠) 𝑉𝑑𝑐(𝑠)⁄ ) for the SSBB LED driver circuit is given by (48). 

 

( )
esesess

esese.

100820634

0509206

07.319.29898

44.964.1281
sG

++++

++
=

−

 (48) 

 

 

Table 1. The specification details of SSBB LED driver 
S.No. Parameters Values 

1 Input ac voltage (Vac) 230 V 
2 Output power (Po) 50 W 

3 Load voltage (Vo) 140 V 

4 Load current (Io) 350 mA 
5 Switching frequency (fsw) 25 kHz 
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Table 2. The design values of elements of SSBB LED driver circuit 
S.No. Parameters Values 

1 Inductance (La, Lb)  1.7 mH, 5 mH 
2 Capacitance (Ca, Cb, Cc) 10 µF, 1000 µF, 680 µF 

 

 

 
 

Figure 4. ACMC scheme of SSBB LED driver 

 

 

5. SIMULATIONS AND EXPERIMENTAL RESULTS 

The specifications of the SSBB LED driver are mentioned in Table 1. The designed values of the 

passive elements incorporated in the LED driver circuit are presented in Table 2. The simulation is carried 

out using PSIM software. 

 

5.1.  Tuning of PID controllers  

The parameters of the PID controllers 1 and 2 are obtained by using the well-known ABC 

optimization algorithm. ABC algorithm is one of the established meta-heuristic methods. The ABC algorithm 

was introduced in 2005 [27], inspired by the intelligent foraging behavior of honey bee swarms. Each cycle 

of the ABC algorithm comprises three steps:  

- Sending the employed bee to the possible food-source positions (solutions) and measuring their nectar 

amounts (fitness values). 

- Onlookers selecting a food source after sharing the information from the employed bees in the previous 

step. 

- Determining the scout bees and then sending them into entirely new food-source positions. 

The following are the constraints and objective functions used for tuning the PID controllers 1 and 2.  

- To optimize PID1. 

The objective function is: 

minimize ( )dtVV)(f
2

 −= oref  

subjected to the constraint dmin<d<dmax 

- To optimize PID2. 

The objective function is: 

minimize ( )dtiI)(f La

2

 −= ref  

subjected to the constraint dmin<d<dmax 

The parameters of the ABC algorithm for simulation are given in Table 3. The values of kp, ki and kd 

obtained for both PID1 and PID2 are mentioned in Table 4. The time domain specifications for the transfer 

function 𝑉𝑜(𝑠) 𝑉𝑑𝑐(𝑠)⁄  of SSBB LED driver circuit is presented in Table 5. It is noticed that the ABC 

algorithm based tuning offers reduced rise time, settling time and percentage peak overshoot. 

 

 

Table 3. Parameters of ABC algorithm 
Algorithm parameters Values 

Colony size 10 

Employed bees 5 

Food source 10 
Max. iterations 23 

 

Table 4. PID controller parameters using ABC for SSBB  

LED driver circuit 
Controller parameters PID 1 PID 2 

kp 1 0.1 

ki 0.3 0.3 

kd 0.1 1 
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Table 5. Time domain specifications of SSBB LED driver 
S.No. Time domain Parameter values 

1 Rise time (tr) 0.00013 s 
2 Peak overshoot (Mp) 9.8% 

3 Setting time (ts) 0.316 s 

4 Final value (Gp) 1.1 
5 Delay time (td) 0.0001 s 

 

 

The closed loop poles are located at the following points given: 1.0e+03 *; -0.4370+2.9639i; 

0.4370-2.9639i; 0.0120+0.0572i; 0.0120-0.0572i. All the poles are lying on the left half of s-plane. So, the 

single switch buck boost converter is stable. The closed loop frequency response of the proposed LED 

system is shown in Figure 5. From the bode diagram, it is noted that the gain margin is infinity and phase 

margin is 63.3°. The tuned response of the proposed LED system is found to be stable. 
 

 

 
 

Figure 5. Bode plot of SSBB LED driver 
 

 

5.2.  Hardware setup of SSBB LED driver circuit 

The practical implementation of the proposed LED driver with ACMC is shown in Figure 6. The 

prototype model of SSBB LED driver is implemented using a PIC microcontroller (16F877A). These are 

available in a 28/40 pin enhanced flash microcontrollers. It has enhanced peripherals for A/D conversion and 

PWM technique. The sensing of the output voltage (Vo) and the rectified dc voltage (Vdc) is done by the voltage 

sensors (LV25P). The inductor current (iLa) is sensed by the current sensor (HE025T01) and it is fed to the 

signal conditioning unit. The controller processes the control algorithm and through the driver circuit (IR250) 

generates the gate pulses to drive the switch (S). The photograph of the hardware setup is illustrated in Figure 7.  
 

 

 
 

Figure 6. Implementation of the SSBB LED driver with ACMC 
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Figure 7. Experimental setup of SSBB LED driver 

 

 

The generation of gate pulses during simulation and experimental setup are depicted in Figures 8(a) 

and 8(b). The duty cycle is verified to be 0.25 with a switching frequency of 25 kHz. It can be observed from 

Figures 9(a) and 9(b), that the supply current (Iac) is in phase with supply voltage (Vac) during simulation and 

experimental setup. Hence the input power factor is nearly unity.  

 

 

 

 
(a) (b) 

 

Figure 8. Waveforms of generated gate pulses (a) simulation results and (b) experimental results 

 

 

 

 

(a) (b) 

 

Figure 9. Supply voltage and supply current waveforms of SSBB LED driver (a) simulation results and (b) 

experimental results 

 
 

The load voltage (Vo) and load current (Io) waveforms of SSBB LED driver during simulation and 

experimental setup are illustrated in Figures 10(a) and 10(b). A load voltage (Vo) of 140 V and a load current 

(Io) of 350 mA are obtained. The inductor current (iLa and iLb) waveforms are shown in Figure 11. It is seen 

from Figure 11 that the SSBB converter operates in DCM. 
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(a) (b) 

 

Figure 10. Load voltage and load current waveforms of SSBB LED driver (a) simulated results and  

(b) experimental results 
 

 

 
 

Figure 11. Simulated waveforms of inductor currents during DCM 
 

 

5.3.  Performance comparison of SSBB LED driver circuit 

The SSBB LED driver circuit is compared with a DSBB converter [25]. The DSBB converter also 

works in DCM. Both the circuits are simulated using same voltage and current parameters, as mentioned in 

Table 1. The voltage stress across various components of the circuit plays an important role in deciding the 

rating of diodes and switches. The voltage gain (Gv) equation and voltage stress across the switch for SSBB 

converter with respect to DSBB converter is given in Table 6.  

The normalized voltage stress comparison graph is also presented in Figure 12(a). The SSBB LED 

driver circuit shows reduction in the voltage stress. The efficiency analysis of the proposed LED driver 

circuit for different load conditions is depicted in Figure 12(b). The efficiency curve depicts that the proposed 

converter has higher efficiency compared to the conventional buck-boost circuit. The performance 

superiority in terms of efficiency, input power factor and ripple in the output voltage is also discussed. The 

bar chart shown in Figure 13 depicts that the proposed LED driver circuit has an efficiency of 98%, input 

power factor of 0.96 and percentage ripple reduced by 5%. 
 

 

Table 6. Comparison of voltage gain (GV) of SSBB LED driver 
Parameters Single switch converter-SSBB Two switch converter [25] 

Voltage gain (GV) 2d/(1- d) d/(1 - d) 

Voltage stress across the switch (S) Vs = (GV + 2)/2Vdc Vs = (GV + 1)Vdc 

 
 

  
(a) (b) 

 

Figure 12. Performance analysis of SSBB LED driver with conventional buck-boost LED driver  

(a) voltage stress comparison and (b) efficiency comparison 
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Figure 13. Comparison of SSBB LED driver with conventional buck-boost LED driver 
 

 

6. CONCLUSION 

A 50 W, SSBB converter used for high brightness LED lighting application is presented. The input PFC 

control scheme is implemented using ACMC. The PID controllers are tuned using ABC algorithm. By state space 

modelling of SSBB LED driver, the stability of the LED lighting system is investigated. The hardware 

implementation of ACMC is carried out by using PIC microcontroller (16F877A). The proposed SSBB LED driver 

provides an efficiency of 98% and it is compared with the state of art conventional buck-boost LED driver circuits. 
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