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Abstract— This paper proposes a light-emitting diode (LED)
lighting system using a dc-level dimming technique. This new
dimming method realizes LED lamp control by having the LED
drivers in the same zone recognize the level of their input voltage
as a dimming signal with a dc-level dimmer and minimum
communication interfaces. The proposed dc LED system also
achieves improved system efficiency by matching the variable
input voltage to the LED load conditions. Practical design
guidelines for the LED driver circuit are presented for system
implementation. The prototype circuit for a 24-W LED lamp is
designed following the guidelines for verification. The proposed
dc-level dimming system and the conventional dimming LED
lighting system, which dispatches communication modules to
individual drivers to obtain dimming signal, are implemented
for a two-story parking lot and their performance is compared
and evaluated. The experimental results of the prototype system
show 6.8% energy saving compared with conventional lighting,
which results from the improved driver efficiency and reduced
standby power consumption.

Index Terms— Energy efficiency, light-emitting diode (LED),
lighting control, switched-mode power supply.

I. INTRODUCTION

THE light-emitting diode (LED) is an emerging light
source due to its high luminous efficacy (lumen per watt)

and longevity. The benefits of LED lighting include a theoret-
ical efficacy capability of over 200 lm/W and a long lifetime,
up to 100 000 h, attributed to advances in solid-state lighting
technology [1]–[4]. Owing to these advantages, LED lamps
have been employed in a variety of applications, such as liquid
crystal display backlights for displays [5], automobiles [6],
and general purpose lightings for indoor and outdoor use [7].
In particular, LED lighting for indoor use is one of the most
promising application areas, because a significant amount of
energy is consumed by building lighting [8]–[10]. In addition,
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the long lifetime of LED lamps is beneficial for building
lighting systems because they require less maintenance.

While the lifetime of LED lamps is relatively long, the
lifespan of the lamp driving circuit is shorter, which is a
major constraint to wide application of LED lighting. Because
the lifetime of the LED system is currently limited by the
driver circuit, extending the lifetime of the driver to match
that of the lamp is crucial to enabling LED lighting as a
viable option [2], [11]. The main limiting factor of the driving
circuit’s lifespan is its electrolytic capacitors. The lifetime
for electrolytic capacitors is only up to 10 000 h at specified
operating conditions, which is only about a tenth of the
LED lamp lifetime [12]. Electrolytic capacitors are commonly
used to decoupling the dc-driven LED from the ac side because
they provide high energy density and cost-effectiveness. Thus,
the main challenge is to maintain proper performance while
extending the driver’s lifespan closer to that of the LED lamp.

To avoid the use of the lifetime-limiting capacitors in the
LED driver circuit, several approaches have been presented.
In [2] and [12], the voltage ripple at the dc link capacitor
is intentionally increased with modified driving current and
harmonic injection techniques, respectively, to reduce its
reliance on the bulky energy buffer. As a result, the reduced
requirement of decoupling capacitance allows electrolytic
capacitor-less drivers. These methods extend the expected
lifetime of the circuits using long-lifetime film capacitors
employed instead of electrolytic ones. However, they also
increase circuit complexity and require high-performance
control processors.

Another attractive solution that overcomes the short lifetime
of the LED driver is to completely change the building
distribution system to dc rather than the traditional
ac [13]–[15]. In the conventional ac distribution system,
LED drivers must include an ac–dc power factor correction
circuit that has an electrolytic capacitor energy buffer in order
to meet industry standards for the regulated power factor
and total harmonic distortion, such as the IEC-61000-3-2
standard [16], [17]. As a result, this conventional ac
distribution practice inevitably encounters driver lifetime
issues caused by the bulky decoupling electrolytic capacitors.
Alternatively, dc distribution intrinsically reduces the need
for the electrolytic capacitors. Because the front-end
ac–dc converter decoupling is not needed in dc distribution
systems, film capacitors can directly replace electrolytic ones
without the need for sophisticated methods [18], [19]. In short,
a dc LED lighting distribution system would naturally alleviate
the lifetime issue of the LED drivers, because the
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lifetime-limiting electrolytic capacitors would be eliminated.
As renewable sources, such as dc-generating photovoltaics,
are more widely used and are substituted for conventional
power sources, and as more electric appliances utilize
dc power input, such as solid-state lightings and inverter-driven
devices, adopting dc distribution in buildings will become
more common practice, as it is more effective for interfacing
dc-based sources and loads [20], [21].

This paper discusses a new LED light dimming scheme,
preliminarily presented in [22], that assumes dc distribution
has been adopted in the target building. Compared with [22],
this paper provides more detailed analyses, discussion, and
design guidelines for implementation in the target systems of
offices or parking lots. This paper details operation principles
of the proposed dimming scheme and design guidelines for the
practical implementation of a dc-level dimmable LED driving
circuit. It also provides extended experimental results and
discussions. The proposed LED light dimming scheme is
referred to as dc-level dimming in this paper. It utilizes a
simple architecture with minimum communication interfaces
to achieve improved system efficiency from higher driver
efficiency and lower standby power consumption compared
with the conventional one, which uses additional communica-
tion modules and wires for dimming.

This paper is organized as follows. The schematic of the
proposed lighting system and its key advantages are discussed
in Section II. Section III presents the operation principle and
design considerations for the LED driver circuit. A prototype
circuit design and its experimental results verify the feasibility
of the circuit in Section IV. The performance of the proposed
method in the target system is analyzed in Section V. Finally,
the conclusion is drawn in Section VI.

II. DC-LEVEL DIMMABLE LED LIGHTING SYSTEM

The proposed dimming method enhances a dimmable LED
lighting system in terms of system configuration and system
efficiency. First, for the system configuration, the method
utilizes a simple architecture that provides advantages in
dimming, ballast power density, installation, and maintenance.
To confirm the advantages of the proposed method, the
operation principles of it and its conventional counterpart are
examined. Fig. 1 compares two dc LED systems: 1) with the
dc-level dimming, shown in Fig. 1(a) and 2) with conventional
dimming, shown in Fig. 1(b), using communication. The
proposed dimmable LED lighting system, in Fig. 1(a), includes
dc-level dimmers and LED drivers. As shown in Fig. 2,
this dc-level dimming scheme has three operation modes:
1) nondimming; 2) dimming; and 3) shutdown. It operates in
the nondimming mode above vdim_ST, in the dimming mode
from vdim_ST to vdim_SD, and in shutdown mode below vdim_SD.
The dc-level dimmer #n in zone #n sets its output
voltage vdim_n according to the dimming signal, as described
in Fig. 1(a). The following drivers in the same zone adjust their
LED brightness depending on the level of vdim_n; therefore,
the brightness of the LED lamps in the zone is controlled at the
same level. It is common practice to control a group of lights
that are placed in an equally lit area or designed to have the
same brightness, such as LED drivers, in the same zone [23].

Fig. 1. Comparison of dc LED lighting systems. (a) Proposed dc-level
dimming. (b) Conventional one with individual communication modules.

Fig. 2. Operation principle of the dc-level dimming scheme.

Since this dc-level dimming requires no communication lines
between dimmer and drivers, its architecture is simple and
driver size is reduced, since communication modules are not
needed. In addition, the proposed method reduces system
maintenance and makes retrofitting nondimmable lighting
system easier because there are no additional wires needed
for dimming [24].

In the conventional system, each driver circuit should
receive a dimming signal from the controller using its own
communication module, as shown in Fig. 1(b). In practice,
the zoning method used in Fig. 1(a) would be applied for
the same purpose. As a result, the conventional practice
requires additional wires for carrying the dimming signal.
This dual wire configuration significantly increases system
complexity and, thus, causes difficulties with maintenance
and retrofitting. In summary, the proposed dc-level dimming
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scheme has a simpler architecture with dimming functionality,
reduced ballast size, and advantages in maintenance and
retrofitting compared with the conventional system.

Second, in addition to the benefits from the simple archi-
tecture, the proposed method achieves improved efficiency
through increased light-load efficiency by the varying ballast
input voltage. The total efficiency of the system with multiple
power stages, between the source and the load, is improved
by adopting a variable bus voltage. This concept has been
widely studied and its feasibility has been verified [25], [26].
In the same manner, the LED lighting system efficiency
can be improved by properly matching vdim to the level of
the LED brightness. In this paper, the claim on the system
efficiency improvement is confirmed by loss analysis of a
critical conduction mode (CRM) flyback type LED driver. The
CRM flyback circuit is widely used for the LED application
in tens of watt range due to the simplicity of the power
circuit and high efficiency achieved by soft switching [27].
Although the following analysis presents a specific topology
and operating mode, the method can also be applied to a
variety of configurations. In the analysis, switching loss is
examined first because it is the dominant loss at light load
condition and, thus, heavily affects the light load efficiency.
Conduction loss analysis is conducted later to derive the total
loss and driver efficiency.

In CRM operation, the MOSFET switching loss, which can
be divided into the turn ON and OFF loss, is expressed as

Ploss_SW_on = 0.5 · Cds · (vdim − n · vo)
2 · fs (1)

and

Ploss_SW_off = 0.5 · Tfall · (vdim + n · vo) · iL_pk · fs (2)

respectively [28]. In (1) and (2), Cds, n, vo, fs , Tfall, and iL_pk
are the effective drain–source capacitance, flyback transformer
turns ratio from the secondary to primary side, converter
output voltage, switching frequency, falling time of the
MOSFET switch, and peak current of the magnetizing inductor
on the transformer primary side, respectively. In this analysis,
diode reverse recovery loss, the major diode switching loss,
is assumed to be negligible due to CRM operation [29]. The
current and voltage waveforms are assumed to be linear, which
enables the approximations of (1) and (2). The chance to
improve the efficiency by the proposed dimming scheme is
assured both in (1) and (2) as the loss increase in light load
would be suppressed by decreasing vdim. Conversely, in a
conventional CRM converter operating with constant input
voltage, the switching losses drastically increase in the same
condition due to the frequency increase.

To confirm the resultant efficiency improvement of the
dc-level dimming scheme, the conduction loss figures are
also derived. For the conduction losses, the summation of
MOSFET, diode, and magnetic copper conduction losses is
derived as

Ploss_cond = Rds_on · i2
sw_rms + v f · id + RL · i2

L_rms (3)

where Rds_on, isw_rms, v f , id , RL , and iL_rms are the
ON resistance and rms current of MOSFET, diode
forward voltage, average diode current, equivalent transformer

Fig. 3. Estimation of loss factors in the dc-level dimming and conventional
system.

Fig. 4. Efficiency estimation with vdim as a running parameter.

winding resistance, and rms inductor current, respectively.
According to (3), it is inferred that the conduction loss of
the proposed method would be relatively large as the current
figures, isw_rms and iL_rms, increase when the input voltage is
decreased.

Based on the loss factor derivations, a graphical approach is
presented for practical analysis. In this analysis, the dc-level
dimming system is assumed to allocate 200 V for vdim_SD
and 300 V for vdim_ST. The conventional system is assumed
to use 300 V for the individual drivers in this comparative
analysis. The analysis results, displayed in Fig. 3, clearly
verify the benefits of the proposed scheme, showing that
the variable intermediate voltage effectively suppresses the
switching losses. The difference between the conduction losses
is not significant, such that it has little influence on the
efficiency difference over the full operating range. This
result is understood by noting that the rms currents,
isw_rms and iL_rms, in (3), decrease in square manner as the
load decreases in both cases.

In addition to the loss analysis, the efficiency estimations
in Fig. 4 show the dependence of the driver efficiency on
vdim and the achievable efficiency improvement using variable
input voltages for different load conditions. In conclusion, the
new scheme cannot only be used for dimming but also be
used to match a specific load condition for system efficiency
improvement.
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Fig. 5. DC-level dimmable LED driver with proposed dimming level shifter.

III. DESIGN OF DC-LEVEL DIMMABLE BALLAST

To realize the proposed lighting system, a detailed design
guideline for the dc-level dimmable driver is presented. The
main function of this driver circuit is to properly interpret the
level of its input voltage into an LED current control signal.
This circuit is called a dimming level shifter in this paper.
A variety of dimming level shifter circuits can be realized
utilizing analog and/or digital techniques, depending on the
system requirements, such as accuracy and cost. If the system
requires high current regulation accuracy, the cost increases.
On the other hand, cost can be reduced if high accuracy is not
required. Assuming the system requires low cost, a dimming
level shifter with compact circuitry is proposed in this paper
as a feasible solution. It can be implemented only with one
differential operational amplifier with resistors to measure the
input voltage information and one signal transistor to modify
the control signal in dimming mode. Fig. 5 shows its circuit
diagram, and the operation principle and design guide for this
implementation are presented.

A. Operation Principle

The dc-level dimmable flyback converter, shown in Fig. 5,
is regulated by the secondary side controller in the
nondimming condition, similar to a battery charger [30].
The form of diode-OR at the output of the error amplifiers
enables the LED current regulation in normal operation due
to the saturation of the voltage loop as the voltage reference
is set slightly higher than the rated voltage of the LED lamp.
The voltage loop takes effect in a fault or no load condition,
suppressing the output voltage overshoot. The controller U1
on the secondary side in Fig. 5 uses an optocoupler to
modulate the gate signal for the switch S in the primary
side for isolation. U2 on the primary side directly drives the
MOSFET switch according to the control signal and achieves
CRM operation using a zero current detection circuit.

In addition to the secondary side-induced control, a
primary side-induced dimming level shifter is dispatched for
the proposed dimming operation. This dimming level shifter,
highlighted in Fig. 5, consists of a differential amplifier to
obtain the level of the input voltage and, resultantly, to set vb,
which modulates the control voltage vc in the dimming
condition, as described in Fig. 6. The voltage vd in the
dimming level shifter is a regulated voltage reference to be

Fig. 6. Operation principle of the dimming level shifter.

Fig. 7. Equivalent circuits of the on-time modulation circuit in
(a) nondimming operation and (b) dimming operation.

compared with the input voltage for dimming operation. In the
nondimming condition, where the input voltage is kept higher
than vdim_ST, vb is kept high in order to satisfy

vc_n − vb < veb_th (4)

where vc_n and veb_th are the control voltage set by the
secondary side current controller without the dimming level
shifter and threshold emitter–base voltage to turn ON Q1.
Therefore, in the nondimming operation, the dimming level
shifter exerts no influence on the current control with
Q1 turned OFF, as shown in Fig. 7(a).

On the other hand, in the dimming condition where the
input voltage is lower than vdim_ST, (4) is no longer satisfied;
the base voltage vb drops low enough to turn ON Q1, which
causes the control voltage vc to be solely determined by the
dimming level shifter, as shown in Fig. 7(b). Once vdim drops
under vdim_ST, the secondary side current controller does
not influence the control voltage modulation as it saturates
to the upper bound, which causes no current through
optocoupler PC1. As a result, the control voltage vc is shaped,
as shown in Fig. 6, and the proposed dimming method is
realized by the dimming level shifter.

The proposed method still guarantees the same protection
capabilities as the conventional solutions. The secondary
side device protections, such as over current and voltage
protection, are available regardless of operation modes.
In addition, the bridge rectifier following the electromag-
netic interference (EMI) filter in Fig. 5 provides the reverse
bias voltage protection at the input; however, it causes
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additional conduction losses that reduce the driver efficiency.
For instance, 0.37% of the total processing power dissipates in
the bridge rectifier, assuming a 380 V input and 0.7 V constant
diode drop (a 1.4 V drop in total).

In conclusion, this proposed primary side dimming control
enables the direct modification of the control signal with
no additional signal isolation and without compromised
protection.

B. Design Considerations

Since the dc-level dimming method is utilized to improve
the system efficiency, the decision process of the operation
voltage range should be conducted based on the loss analysis
presented in Section II. After the operating conditions are
recognized, the driver circuit parameters related to both power
processing and LED control can be designed referring to the
conventional converter design method [27]. Therefore, this
paper only details the parameter design for the dimming level
shifter.

In designing the dimming level shifter, the starting and shut-
down input voltages, vdim_ST and vdim_SD, and the correspond-
ing desired control voltages, vc_ST and vc_SD, are identified by
considering the operating principle and specifications of the
commercial ICs used in the circuit. As described in Fig. 6,
vc_ST is designed to equal the sum of the base voltage of Q1,
vb, and emitter–base voltage at vdim_ST, veb_ST, to turn ON Q1
to start the dimming operation at vdim_ST, expressed as

kd · (kv · vdim _ST − vd ) + veb_ST = vc_ST (5)

where kd and kv are the gain of the differential amplifier
and the input voltage divider, respectively. Furthermore, vc_SD
should be equal to vb + veb_SD to shutdown the ballast at
vdim_SD, expressed as

kd · (kv · vdim_SD − vd) + veb_SD = vc_SD. (6)

Assuming the constant emitter–base voltage in (5) and (6) and
subtracting (6) from (5) yields

kd · kv · (vdim _ST − vdim _SD) = vc_ST − vc_SD (7)

which indicates that the circuit can be implemented by prop-
erly designing the gain factors kd and kv for the specified
operation.

As the proposed primary side on-time control is an indirect
control method, the current regulation characteristics depend
on the circuit parameters and operation [31], [32]. Considering
the circuit parameters and CRM operation to estimate the
current regulation, the LED current can be derived as

Io = 0.5 · v2
dimT 2

ON

Lm ·vo(
1 + vdim

n·vo

)
· TON + Tr + Trise

(8)

where TON, Tr , and Trise are the on-time of the main switch, the
duration of the resonance between Lm and Cds, and the time
for fully charging up the junction capacitor to vdim + n · vo

with the constant magnetizing current assumption during
ON-to-OFF state [32]. In (8), nonlinearity between vdim and
Io is expected, which can be considered in the design process

to match the input voltage to the desired level of dimming.
The feasibility of the derivation is discussed in Section IV
with experimental results.

The primary side on-time regulation method for the
dc-level dimming control features little additional part counts
for implementation and, accordingly, little additional power
consumption. Design considerations related to the system
realization are presented in Section IV with a prototype
circuit implementation.

IV. IMPLEMENTATION AND EXPERIMENTAL RESULTS

To verify the feasibility of the proposed method, a prototype
LED driver for a 24-W LED lamp, whose rated operating
condition is 48 V/0.5 A, is realized; 75 LEDs are connected
in series per an LED lamp. The operating conditions and main
circuit parameters are specified as follows.

1) vdim_max: 380 V; vdim_ST: 300 V; vdim_SD: 200 V.
2) Transformer: EE1011 Core; n :1 = 100:27.
3) Lm : 3 mH.
4) MOSFET: STF3NK80Z.
5) Diode: MBRS3201T3.
6) Voltage/current controller (U1): TMS101.
7) CRM driver (U2): NCL30000; vct_offset: 0.65 V;

Ct : 0.9 nF.
8) Q1: 2N3906.
9) fs : 55–120 KHz depending on vdim and the dimming

condition.
A 2-poles-2-zeros (2P2Z) feedback loop for the current
regulation and proportional-integral (PI) voltage loop are
implemented.

In addition to the predetermined circuit parameters for
the rated operation, parameters for dimming operation are
designed. First, the parameters in (7) are determined consid-
ering the electrical characteristics of the CRM control IC and
its control circuit configuration. For shutdown operation, a
practical method is to utilize the internal comparator offset
of the CRM control ICs, which is usually used for noise
immunity, as shown in Fig. 7. In this implementation, the
shutdown function is realized by positioning vc_SD at the offset
voltage vct_offset. vc_ST is determined by the relationship of
the on-time capacitor Ct , internal on-time capacitor charging
current ict, and turn ON time Ton_ST at vdim_ST, which is
expressed as

vc_ST = 1

Ct
Ton_ST · ict + vct_offset. (9)

Ton_ST can be calculated considering the circuit parameters.
After the control voltages are determined, the voltage divider
gains are designed to satisfy (7) as follows.
10) kd : 1.
11) kv: 0.013.

The design parameter vd is determined to satisfy (5) and (6)
with a specified veb_ST or veb_SD. The reference voltage vd is
determined as 2.5 V by the constant emitter–base voltage
assumption, which would cause some difference in the control
voltages between the design and the implementation. Thus,
it could result in controlled current variations, which is
discussed with the experimental results.
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Fig. 8. Conventional and proposed dimmable LED driver, and dc-level
dimmer.

Fig. 9. Experimental waveforms at 380 vdim condition with switch voltage.

For comparison, the conventional circuit is also realized and
operates with a constant input voltage of 380 V dc. To operate
in the dc environment, a commercial dimmable product is
modified. The topology of the counterpart is the same with
the proposed circuit, CRM flyback, and the transformer’s
turn ratio is modified to be equal to that of the prototype,
100:27, to increase its efficiency at the 380 V input condition.
In addition, the surge suppressor rated at 400 V input replaces
the previous ac universal input. Each conventional LED driver
is equipped with a communication module for the dimming
operation, as shown in Fig. 1(b).

The prototype circuit is implemented according to the
design procedure, and realization and experimental results are
discussed for verification. Fig. 8 shows the photographs of
the dc-level dimmer and the two dimmable LED circuits:
1) the conventional LED driver using the communication
module for dimming and 2) the proposed dc-level dimmable
driver. Experimental results of the prototype are presented
in Figs. 9–12 with the operation waveforms, which are in
agreement with the discussion in Section III. In Fig. 9, the
driver regulates the LED current at the rated value with the
control voltage set by the secondary side, which confirms
the nondimming operation at 380 V input. The CRM operation
is also proved in Fig. 9. Fig. 10 verifies the nondimming
operation at the same condition with additional waveforms.
It shows the operation waveforms of the control voltage vc

and base voltage vb. Since vb is far above vc, it is clear
that the secondary side controller has the authority of control,
as shown in Fig. 7(a).

Fig. 11 shows 340 V vdim operation; the converter still
operates in the nondimming condition as designed with
Q1 under cutoff mode. Fig. 12 shows the operation
at 250 V vdim, where the primary dimming level shifter

Fig. 10. Experimental waveforms at 380 vdim condition with control voltages.

Fig. 11. Experimental waveforms at 340 vdim condition.

Fig. 12. Experimental waveforms at 250 vdim condition.

solely conducts the on-time control with the secondary side
controllers saturated, as shown in Fig. 7(b). It also shows that
the operating frequency is well suppressed under 100 kHz,
unlike the conventional CRM converters, attributed to the
decreased driver input voltage, as analyzed in Section II.

Fig. 13 details the estimated LED current from (8) and the
measured at different input voltages. As the results show, the
nonlinearity between the voltage and the current is observed in
the experiment, which was previously analyzed in Section III.
In addition, the difference between the estimation and the
measurement is caused by not knowing the exact forward
voltage of the LED lamp, which tends to slightly decrease
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Fig. 13. Estimated and measured dimming current regulation.

Fig. 14. DC distribution unit for parking lot LED system.

as its current decreases and the assumption of constant
magnetizing inductor current of flyback transformer during
the ON-to-OFF transient charging up Cds for the analysis
simplicity. In addition, the electrical characteristic of Q1 would
also be one of the causes, since it is assumed to have the
constant emitter–base voltage even with the varying collector
current in the analysis as addressed in the design guide.

V. SYSTEM REALIZATION

Following the discussion of the prototype LED driver
circuit, the system realization results of the dc LED lighting
system are examined. This paper targets a two-story parking
lot in which 380 V dc lines are distributed to verify the
dimming technology. As the dc power is not yet directly
supplied by the electric power corporation in the site,
distribution units for supplying 380 V dc power to the building
are employed. In the target area, ninety 24-W LED lamps
are operated by the dc-level dimming scheme on one floor,
while the other ninety 24-W LED lamps are controlled by
the conventional dimming on the other floor. Fig. 14 shows
the distribution unit, which accommodates circuit breakers,
EMI filters, and ac–dc converters. A 150-W buck converter
regulates vdim ranging from 200 to 300 V, according to the
dimming signal for six flyback LED drivers in a group.
The pass-through mode, which makes the 380 V dc link
voltage directly appear at the input of the following drivers, is
employed to improve the system efficiency in the nondimming
operation. In addition, in the shutdown mode, the dimmer
disables its output, which dramatically reduces the standby
power consumption. After the dimmer, the prototype LED
driving circuits drive the 24-W LED lamps, as designed

Fig. 15. DC-level dimming LED system configuration for target parking lot.

Fig. 16. Measured efficiency comparison. (a) Efficiencies of proposed
and conventional system. (b) Efficiencies of dc-level dimmer and dc-level
dimmable ballast.

in Section IV. Fig. 15 details the configuration of the proposed
dc-level dimming LED system implementation for the target
parking lot.

Finally, the efficiency figures of the dc LED lighting systems
are discussed in detail. Fig. 16(a) compares the measured
system efficiencies of the proposed lighting system to the
conventional one at different loads. The efficiency of the
dc-level dimmer in the new system is included for the total
efficiency comparison. In addition, Fig. 16(b) details the
efficiency figures of the dc-level dimmer and proposed
LED driver. To provide the insight into the total efficiency
at individual load conditions, x-axis of the dimmer efficiency
data is six times that of the ballasts, as one dc-level dimmer
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Fig. 17. Dimming profile for energy saving derivation.

Fig. 18. Energy saving figures considering standby power consumption.

operates six ballasts. The measured data agree with and verify
the analysis in Section II; they clearly show the efficiency
improvement of the proposed method in dimming conditions.
In addition, the standby power is also measured to estimate
the total daily energy saving. Each auxiliary power supply
for the controller and communication module used in the
experiment consumes ∼0.6 W in standby operation. In this
analysis, it is assumed that the two systems operate under the
same LED dimming and standby operation according to the
profile displayed in Fig. 17. As one dimmer accommodates
six LED lamps in each zone, it allows the proposed system
to consume 83.3% less standby power; each conventional
driver would consume the standby power itself. Based on the
measurements, this analysis concludes 6.8% total energy sav-
ing by the dc-level dimming compared with the conventional
one; 3.7% and 3.1% are achieved by the improved efficiency
of the new driving circuit and reduced standby power
consumption, respectively, as detailed in Fig. 18. The energy
saving figures are derived from the two energy consumption
data expressed as

ηsaving(%) = (Econv − Eprop)/Econv (10)

where Econv and Eprop are the daily energy consumptions of
the conventional and proposed systems, respectively.

VI. CONCLUSION

In this paper, a dc LED lighting system using a dc-level
dimming technique has been proposed. The dimmable lighting
system features a simple architecture and improved efficiency
as the main benefits compared with the conventional
dc-powered LED lighting system, which uses communication
modules and additional wires for dimming. The proposed

system realizes dimming control with minimum communi-
cation interfaces, such that it achieves ease of installation,
maintenance, and retrofitting. By varying input voltage to
match the LED loads, it also achieves improved light load
efficiency as well as lower standby power consumption com-
pared with the conventional system. The dimming level shifter
with a differential operational amplifier for the primary side
on-time regulation enables the LED driver to control the LED
brightness according to the input voltage, while its operation
principle, using a parallel bipolar transistor, still permits the
conventional overcurrent and voltage protection. The design
considerations for the system implementation have presented
the design equations, and the experimental results of the
prototype LED driver verified the feasibility of the proposed
dimming method. The dc-level dimming and conventional
LED lighting system for the target parking lot application
with two sets of ninety LED lamps have been realized
to validate the system feasibility. The power consumption
measurements verify 6.8% energy saving through the higher
conversion efficiency and reduced standby power consumption
by 3.7% and 3.1%, respectively.
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