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This paper presents an electronic ballast system with lamp rating detection capability. From the experi-
mentally obtained operating frequency of the lamps, a possibility weight is constructed to help facilitate the
lamp classification. The proposed detection algorithm employs a multi-step lamp power regulation algorithm
where decision making is based on the sensed frequency and the possibility weight. Simulation and exper-
imental results show that the proposed detection method can successfully detect the targeted lamp power

rating and deliver the desired power to the lamp.
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1. Introduction

Fluorescent lamps are commonly used in lighting ap-
plications because they consume less power than alter-
native lamps. Unlike incandescent lamps, fluorescent
lamps always require a ballast to stabilize the lamp at
the required operating point by limiting the discharge
current V@ Simple magnetic ballasts that operate at
the line frequency have many drawbacks, such as low
efficiency, low input power factor and bulky size. How-
ever, electronic ballasts that employ transistors to boost
line-frequency to high-frequency improve the lamp effi-
cacy and system efficiency . If the lamp is operated
at a frequency higher than 20 kHz, instead of a line
frequency of 50-60 Hz, the result is an increased light
output (lumens) of 10-20%. The electronic ballast is
often implemented as a series-parallel-loaded resonant
inverter. This implementation can both ignite the lamp
and supply the lamp as a current source at constant
frequency W~ . The use of a power factor correction
(PFC) AC-DC stage, specifically a boost rectifier op-
erating in discontinuous conduction mode (DCM) with
constant frequency and constant duty cycle, can achieve
an input power factor close to unity. Moreover, modern
electronic ballasts are implemented with microproces-
sor circuits, allowing control strategy implementation
for energy savings and lamp protection features (.

Commercially available lamps, such as 18W, 32W and
36W T8 lamps, must be used with electronic ballasts
specifically designed for each lamp power rating. A mis-
match between ballast and lamp ratings usually results
in damage to both the lamp and the ballast circuit,
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Fig.1. Schematic of electronic ballast using in this
paper

caused by over-current or hard switching ® . With
a large number of different ratings of fluorescent lamps,
an equally large stock of specifically rated electronic bal-
lasts is required. The multi-rating fluorescent ballast is
a solution to eliminate this problem. The controller of
the multi-rating ballast must regulate and deliver the
correct power to a lamp of unknown rating. Thus, the
lamp rating detection algorithm must be accurate and
sufficiently fast. The voltage detection method can dif-
ferentiate between lamp power ratings by using the op-
erating lamp voltage *® @Y. However, the lamp voltage
after striking (ignition) varies with the lamp tempera-
ture, age, and manufacturer. Thus, different lamp rat-
ings may have overlapping voltage ranges. For example,
32WT8 and 58WTS8 lamps operate at the same volt-
age, ranging from 117 V to 127 V, which can result in
misidentification of the lamp. In addition, noise can in-
terfere with the voltage, and adding a filter may increase
the cost of the system.

This paper presents a multi-rating electronic ballast
for fluorescent lamps based on operating frequency de-
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Fig.3. Operating frequency vs. voltage gain (be-
fore and after striking)

termination. The paper includes the configuration and
the controller design of a multi-rating electronic bal-
last. We propose a lamp rating detection algorithm,
composed of multi-step lamp power regulation and the
trapezoidal possibility weight determination *® based
on a given set of lamp operating frequency data. Fi-
nally, we present numerical and experimental results. A
hardware prototype of the electronic ballast is carried
out on an 8 bits micro-controller.

2. Multi-rating Electronic Ballast Config-
uration

The two-stage electronic ballast consists of a PFC
boost rectifier and a half-bridge resonant inverter as
shown in Fig. 1. By varying the inverter frequency, the
ballast operates in pre-heat, strike, and running stages.
The lamp current can be controlled through frequency
variation as shown in Fig. 2@® 9,

Before ignition, the fluorescent lamp resistance is as-
sumed to be infinite. By operating with frequency
higher than the circuit resonant frequency, the current
flows through the lamp filaments via the series capac-
itor. In this stage, the filaments are heated while the
lamp voltage is not high enough to be ignited. After
one second of preheating, the frequency is decreased to
increase the output voltage gain until the lamp volt-
age is high enough to strike the lamp. Note that the
relationship between the ballasts voltage gain and fre-

Fig.4. Simplified resonant inverter for electronic
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Fig.5. Flowchart of the mult-rating electronic bal-
last operation

quency is shown in Fig. 3, obtained from the equivalent
resistance of the lamp at steady-state condition using
IR ballast designer software .

Initially, the resonant circuit is in the high quality fac-
tor mode (High-Q). Once the lamp has been ignited, the
lamp resistance decreases and exhibits a negative differ-
ential resistance behavior. This results in lamp voltage
reduction and changes the resonant circuit condition to
the low quality factor condition (Low-Q). At this stage,
the lamp rating must be detected accurately. After this
stage, the controller will command the switch signals to
operate the ballast at proper frequency for the lamp.

2.1 Half-bridge resonant inverter By assum-
ing that the resonant capacitor (C) is only used for lamp
preheating and striking while the resonant inductor (L)
is for limiting the lamp current, the values of L and C
must be chosen to ensure the optimal power transfer
of the low-Q RCL circuit. The resonant inverter input
power (Pj,) is @907,

Pam
Py = Vi I, = 12 (1)
n

By using the simplified version of resonant inverter
that shown in Fig. 4. The input voltage (Vi) is the
fundamental component of the square wave produced
by the inverter ®*. This square wave is toggle between
0V and Vpce.

_ V2Vpe

™

Vin (2)

Pram 2
2 lamp — Vi, I = @[L
™

) (3)
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Where Py is the power dissipated at the lamp; Vpc
is the DC bus voltage, and 7 is the inverter efficiency. It
is assumed that the inductor and lamp voltages are the
same. The inductor current can be calculated by using
a half of the DC bus voltage which results in,

o @

I, = 29
L= 4wl

Thus:
_ V2Vpe Vipe _ Vac
™ dwl 4\/5772frunL

From (3) and (5) , the resonant inductance is:

Pin

(5)

4frun \/§7r2plamp

where f,., is the running or operating frequency. The
controller is divided into two parts: the boost recti-
fier (DC bus voltage control), and the resonant inverter
(lamp power control). These are shown in Fig. 7 and 8,
respectively.

During preheat, the resistance of the lamp is infinite
and the filament resistance is negligible. This results in
an LC series circuit. Using the impedance across the
capacitor, the peak preheat voltage V,, is given as:

I
o (7)
2 fC

where I, is the preheat lamp current and f is the pre-
heat frequency. The transfer function is

2V
Von = 8
PR (L= 4n2f2L0)) ®)
To preheat the lamp filament with the desired current
while the lamp voltage is kept below Vj,, the resonant
capacitance can be calculated from (8) as,
IghL

¢= (Voh +Vpe/m)? = (Vpe /m)? ®)

Vph =
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2.2 PFC boost rectifier The PFC boost con-
verter parameters are obtained by assuming an oper-
ation in the critical-conduction mode. With this con-
trol method, the PFC boost inductance is obtained
from (17) (18)

8 X 10_677VAC(Tms) (VDC - \/ivAC(rms))
2V2Pour

Lprc =

(10)
where 7 is the target efficiency of the converter;
Vac(rms) is the minimum input RMS voltage and Pour
is output power.

2.3 Preheating condition  Although the multi-
rating ballast has an advantage on that it can operate
more than one lamp power ratings, the preheat con-
dition is taken into account. According to ", the fila-
ments must be operated at temperatures between 700°C'
and 1000°C, to avoid a premature wear of the emis-
sive coating which will reduce the average life of the
lamp. Since it is difficult to measure this temperature,
there are recommendations and standards regarding cor-
related parameters, such as the voltage across the fila-
ments and their equivalent resistances. Under appropri-
ate temperature, the resistance of the filament should
be in the range of 4.25 to 6.25 times of its resistance at
room temperature * ?? To increase the filament tem-
perature, an electrical current is applied to the filament
with the following relationship **.

iph(rms)
R (iph(rms)at) =1+mn (e( " ) - 1) t (11)

Where Ry, is the resistance ratio between hot resistance
(R.) and cold resistance(Ry,)

iph(rms) 15 the filament current (A) during preheating

t is the preheating time (s)

r1 and 79 are the constants of the lamp

Note that for T8 series 1 and 19 are given as 0.112 s~1
and 0.155 A, respectively. In addition, the suitable pre-
heating time should be in the range of 0.5 and 1.5 s.
The minimum current is obtained as 467 mA using the
Ry, value of 4.25 and the preheating time of 1.5 s from
(11). Similarly, with the R}, value of 6.25 and the pre-
heating time of 0.5 s, the maximum current is given as
705.5 mA. As long as the iy (,ms) is in between the men-



Table 1. Average running frequency of ballast at
various lamp power ratings

Average of 16W | 30W | 34W | 56W | 68W
operating frequency || (kHz) | (kHz) | (kHz) | (kHz) | (kHz)

at power command

T8-18 49.54 - - - -
T8-32 76.26 | 55.44 - - -
T8-36 75.88 | 48.25 | 40.59 - -
T8-58 76.26 | 57.16 | 50.09 | 25.21 -
T8-70 75.79 | 62.49 | 56.82 | 28.73 | 21.75

Table 2. Standard deviation of running frequency
of ballast at various lamp power ratings

S.D. of 16W | 30W | 34W | 56W | 68W
operating frequency || (kHz) | (kHz) | (kHz) | (kHz) | (kHz)

at power command

T8-18 1.7 - - - -
T8-32 0.004 | 0.816 - - -
T8-36 0.036 | 1.022 | 1.210 - -
T8-58 0.002 | 0.288 | 0.444 | 0.476 -
T8-70 0.010 | 0.160 | 0.234 | 0.360 | 0.270

tioned range, there will be no damage for all T8 series
lamps. If the lamp is turned off and turned back on while
the filament temperature is still higher than the room
temperature, a power control loop must be included to
protect the filament

3. Electronic Ballast Controller Design

The operation of the electronic ballast system can be
described as five stages: initialization, pre-heat, lamp
detection, run, and stop. The flowchart of these oper-
ations is illustrated in Fig. 5. The block diagram of
controller is shown in Fig. 6.

3.1 Initialization state During the initial
phase, the controller sets the PWM frequency at 100
kHz and keeps it steady for 200 ms. This feature has
been implemented to charge the blocking capacitor.

3.2 Preheat state The controller raises the fre-
quency by one step every time the measured current is
greater than the desired value, and lowers the frequency
if the current is lower than the desired value. This state
takes approximately 0.5 to 1 second depending on the
current command value 9.

3.3 Ignition state The controller decreases the
frequency (increases the voltage) to ignite the lamp.
Since the voltage across the lamp will significantly de-
crease after ignition because the current begins to flow
through the lamp then, the voltage change is used as ig-
nition indication. After detecting the ignition, the con-
troller moves to the next phase.

3.4 Stop state If abnormal conditions occur,
the software will automatically switch into the safety
state that is designed to turn off the half bridge driver.
Abnormal conditions may arise due to lamp bulb re-
moval, lamp failure to ignite, over-current or over-
voltage, or a rectifying effect (end of life).

-1.5SD f average

A 2E

-0.58D +0.58D

Fig.9. Trapezoidal possibility weight (Wp) VS
running frequency

3.5 Run state During this phase, the controller
measures the current required to deliver a given power
to the lamp. The measured value is compared with a
preset power command value, and consequently the soft-
ware tries to correct any discrepancy. As mentioned
above, the lamp power can be controlled by varying the
operating frequency. The lamp power decreases when
the supplied frequency increases, as shown in Fig. 2.
The appropriate frequency must be generated to ensure
that the connected lamp is not overdriven. The current
regulation method is used to control the lamp power at
its rating ®®. The average voltage across the series re-
sistor on the low side of the driver MOSFET (VRgino)
represents the inverter current (Liny). Pinvs Plamp, and
I;ny are related as:

Pin'u o Plamp « Iin'u (12)

From (12), the lamp power can be controlled through
Visinv. Note that the required inverter power will be
about 1-2 W less than the lamp rating for the same
lumen output, due to the high frequency of operation.

3.6 Lamp detection state The lamp rating de-
tection algorithm is composed of multi-step lamp power
regulation and the trapezoidal possibility weight deter-
mination based on the lamp operating frequency. After
ignition, the multi-step lamp power regulation is started
with the lowest power command. For example, the 16W
power command is used for the T8 series lamps. In the
power control loop, the operating frequency is deter-
mined and collected in the controller. This frequency is
used to classify the 18W (lowest) from the group. If the
measured frequency is within the valid range, then no
further decision is necessary and the controller proceeds
to the running state. However, due to the variation
between lamp manufacturers, bulb age, and tempera-
ture, the running frequency is not necessarily constant.
We experimentally verified that the operating frequency
varies during our lamp power regulation experiment.

Plenty of T8 lamps are operated at 16W, 30W, 34W |
56W and 68W to acquire the running frequencies. These
frequencies are used in order to define the possibility
weight function. Table 1 and 2 present the average and
standard deviation of running frequency at 16 to 68 W
of power regulation. A dash(-) symbol is a prohibited
power command. By simplifying the Gaussian distribu-
tion, the trapezoidal possibility weight (Wp) based on
the operating frequency can be calculated from

IEEJ Trans. IA, Vol.131, No.10, 2011
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Wp = sf = L5 F = 1.5sd, f, f — 0.55d

=Lpq Lilbsd. o554, f, F+ 1.5sd
(13)

Where
f=- if d (14)
AN sd=
n =1

and n=number of samples, f; = frequency of sample 1.

The relation between the probability weight and the
running frequency is illustrated in Fig. 9. For example,
if the average operating frequency of a 36 W lamp run-
ning at 16 W is 75.88 kH z, and its standard deviation
is 36 I{Z7 then WP(36Wat16W) is

1;48.69kH z, f,50.39k H z
0.588 f — 46.99;46.99H z, f,48.69kH z
0.588 f + 50.39;50.39kH z, f,52.09kH z
(15)
where f = measure lamp operating frequency (kHz).
Fig. 10 and 11 shows the possibility weight and op-
erating frequency of T8 series lamps at 16 W power
regulation. The operating frequency of 18 W lamp is
significantly far from others resulting in high accuracy
of 18W lamp detection. However, the possibility weight
of 58W lamp is overlapped by that of 32W lamp caus-
ing inaccurate detection in this state. When the 30 W
power regulation is applied with the 32 W, 36 W, 58
W and 70 W T8 lamps, there is no overlapping in the
possibility weight of T8 lamps as shown in Fig 12 and

Wp(36at16) =
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13 where the 32 W lamp can be accurately detected.

From the reason above, both the multi-step lamp
power regulation and possibility weight determination
are applied together and the lamp rating detection al-
gorithm can be described as follows:

(1) Regulate at the lowest power command. Exam-
ple: 16W for T8 series.

(2) Calculate the probability weight for all lamp
ratings. If the highest Wp is obtained at the lamp
rating that equals the power command, the lamp
rating equals the power regulated, then go to step
4.

(3) If the delivered power is still below the lamp
rating, step up to the next power command (30,
34, 56 and 68 W) and repeat step 1) and 2)
again until the power command reaches the high-
est value of the series then go to step 4.

(4) Summarize the total Wp of each lamp rating
for each power regulation. The lamp rating is de-
termined from the total highest Wp.

The flowchart of the detection algorithm is illustrated
in Fig. 14.

3.7 Discussions on Aging Effect Regarding
to the lamp aging, this might cause an increase in fila-
ment resistance, sputtering and filament damage respec-
tively. The lamp discharge characteristics also change
as well. After striking, the lamp with sputtering or fila-
ment damage will be shut off by the designed protection
as previously stated. However, the aging effect from an
increased filament resistance and lamp discharge char-
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Fig. 14. Flowchart of the lamp rating detection
algorithm

acteristics might cause the inaccurate detection. For
example; the overlapped operating frequency of 32WT8
and 58W'T8 might occur during the 30 W power regu-
lation. In our designed ballast, the 18W, 32W and 36 W
T8 lamps, which are mostly used in our country, are
selected. The operating frequencies of these lamps are
quite far from each other causing the high accurate de-
tection. Moreover, the cost of ballast can be reduced for
not using the unnecessary high power components.

4. Numerical calculation Results

The simplified resonant inverter is used in the sim-
ulation ®». The controllable ac voltage source is con-
nected through the resonant inductor and capacitor as
a low-pass filter, with the fluorescent lamp as a resistive
load (Riamp) as shown in Fig. 4. Using an operating
frequency range from 25 kHz to 65 kHz, as described
in® and assuming that 7,, is 0.95 and Vp¢ is 400 V,
the resonant inductance can be calculated by (6) which
is given as 1.9 mH. With I, as 0.6 A and Vj;, as 300 V,
the substitution of the resonant inductance in (9) yields
the resonant capacitance of 4.11nF. Because of com-

Resonant capacitor Resonant in

Fig.15. A prototype of the multi-rating ballast
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Fig.16. The 36WT8 lamp current and voltage

waveforms. Channel 1 is lamp current. Channel
2 is lamp voltage.

mercial availability, a capacitance of 4.7 nF is chosen.
During the running stage, the lamp acts as a negative
differential resistor ?*~®®  which can be calculated as:

VoRs
—_— 16
where 1} is the voltage at present condition and Rg and
Vi are defined as;

Rlamp =

VMaz - szn
Rg=—"—"— 17
s IMam - Imzn ( )
Vu = Vmin - IminRS (18)

where V4. is the lamp voltage at the highest power,
Vimin is the lamp voltage at the lowest power, I,,4, is
the lamp current at the highest power, and I,,;, is the
lamp current at the lowest power. Specifications for
Vinazs Vmins Imaz, and Iy, can be obtained from the
lamp manufacturers. Because the higher-order harmon-
ics only account for a small percentage of the input, the
voltage and current waveforms appearing at the lamp
are assumed to be sinusoidal. Considering only the fun-
damental component, lamp power (Pramp) can be cal-
culated as:

Vi ?
CR,
P _ w amp
lamp ’WL g (R . L) _ JRiamp
‘7 wal la’mp wC wC
(19)

Starting with an initial operating frequency, the lamp
power is calculated. If P4y is less than the power

IEEJ Trans. IA, Vol.131, No.10, 2011
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Table 3. Simulation result of Wpfor the 32 W T8

lamp
Power command || 16W | 30W | 34W | 56 W | 68W || Sum
Lamp rating
18W 0 - - - - 0
32W 1 0.2 - - - 1.2
36W 0 0 - - - 0
58W 1 0 - - - 1
T0W 0 0 - - - 0

Table 4. Experimental results of Wp for 58W

lamp
Power command || 16W | 30W | 34W | 56 W | 68W || Sum
Lamp rating
18W 0 - - - - 0
32W 1 0 - - - 1
36W 0 0 0 - - 0
58W 1 1 1 1 - 3
T0OW 0 0 0 0 - 0

command, the frequency is decreased and the lamp volt-
age, current, and resistance are recalculated at the new
power level. The calculation is then iteratively repeated
until the P4y is sufficiently close to the power com-
mand and the running frequency is obtained. The sim-
ulation result for the probability weight calculation for
the 32W T8 lamp is shown in Table 3. Starting at the
16W power command, the running frequency is 76.26
kHz and Wp at 16 W is calculated. The highest Wpis
not at W Pigwat16w, thus the 30W power command is
regulated and Wp at 30 W is recalculated. The algo-
rithm stops at 30W power command due to the max-
imum on W P3awarzow. The summation of W Psopy is
1.2, which is the maximum, and the lamp is detected as
a 32W rated lamp.

5. Experiment Results

A hardware prototype of the electronic ballast, shown
in Fig. 15, was built. The values for the resonant in-
ductance and capacitance match those used in the sim-
ulation. The PFC boost inductance and the DC bus
capacitance are 0.94 mH and 22 uF, respectively. A
100 nF blocking capacitor is used. Fig. 16 shows the
ballast operation with the 36W lamps.

In the preheat state, the controller maintains the lamp
current and voltage at 600 mA and 300 V', respectively.
After striking, the lamp power is regulated according to
the lamp rating detection algorithm. All tested lamps
have been successfully detected at their ratings. The
startup process, including lamp detection, takes approx-
imately 3 to 40 seconds. The sample of detection results
for a 58W T8 lamp is shown in Table 4.

The voltage detection is the commonly used method
in detecting ballasts rating *® @Y. With different power
ratings, the lamp resistances may be different and the
lamp peak voltages after strikes may be used to classify
the power ratings. However, this may not be the case
for T8 series because the lamp peak voltages of differ-

IEEJ Trans. IA, Vol.131, No.10, 2011

Table 5. Detecting results of T8 lamp at 16W,
30W, 34W, 56W and 68W power regulation state

Lamp rating 18W | 32W | 36W | 58W | 7T0W

16W power regulation

% Detection rates 100 90 90 20 36

% Type I error 0 10 10 80 64

% Type II error 0 2 0 32 0
30W power regulation

% Detection rates - 100 | 100 | 100 98

% Type I error - 0 0 0 2

% Type II error - 0 0 0 0

34W power regulation

% Detection rates - - 100 | 100 | 100
% Type I error - - 0 0 0
% Type II error - - 0 0 0

56W power regulation

% Detection rates - - - 100 | 100
% Type I error - - - 0 0
% Type II error - - - 0 0

68W power regulation

% Detection rates - - - - 100
% Type I error - - - - 0
% Type II error - - - - 0

ent ratings can and have been found to be in the same
range. In Fig. 17, the lamp voltages are obtained from
50 samples of each of the T8 series lamp rating with the
total number of 250 lamps. The voltages after strikes of
the 32W and 58W lamps are located in the ranges of 162
V to 177 V and 166 V to 177 V, respectively. The de-
tection result is very likely to be incorrect for both lamp
ratings. This method yields the result of detection rate
as 86%.

To evaluate this proposed method, hundreds of ar-
bitrarily chosen fluorescent lamps with varied age are
tested with proposed ballast. The operating frequencies
of tested lamps at 16W and 30W power regulation are
shown in Fig. 11 and 13, respectively. At 30W power
regulation, the operating frequencies of all lamps are in
the areas of their possibility weight. Thus, the proposed
method can distinguish between 32W and 58W lamps.
Note that some lamps with low possibility weight might
have the chance of type I error (the false positive - the
error of rejecting lamp when it is actually at rating) as
well as the type II error (the false negative - the error of
failing to reject a lamp when it is in fact not at rating).
Even though the 16W power regulation state returns
100%-accuracy 18 W lamps detection, this state returns
detection errors for the other ratings. Table 5 shows the
lamp detection rate, type I error rate and type II error
rate of T8 lamps at various power regulations.

The proposed frequency detection, on the other hand,
uses the frequency command for lamp power regulation
to detect the lamp power. This frequency command is
the same frequency command that is used to regulate
the lamp power in order to avoid overdriven condition.
Together with the proposed possibility weight functions,
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Fig. 18. Relationship between lamp frequencies
and ratings from power regulation

the operating frequencies of each lamp rating are ob-
tained from the multi-stage power regulation starting
from the lowest rating available as shown in Fig. 18.
With the same set of 250 lamps used in obtaining the
results in Fig. 17, the operating frequency range of each
rating is located apart from each other. Clearly, the
frequency detection method does not suffer from over-
lapping range of the detection parameter. The detection
results of the proposed method are evidently more ac-
curate. It is worth noting that if a delay of 10s is added
before obtaining the operating frequency, 100% detec-
tion accuracy may be achieved since the lamp resistance
is allowed to reach its stable state.

The important advantage of implementing the pro-
posed frequency detection method is that the frequency
command to be used in the detection process is sent out
from the controller. Unlike the voltage detection, the de-
tecting parameter does not need to go through sensing
circuitry and the analog-to-digital conversion process.
Therefore, it is not subjected to external noise which
can worsen the detection results.

From table 5, the lamp detection rate, type I error
rate and type II error rate are calculated as:

N orrec
D.R. = =<t 100 (20)
NLamp

where D.R. is detection rate, Ngopreer iS number of
the accurately detected lamps and Np,gpmp is number of
tested lamp.
N .
Typel = —2I¢L 100 (21)
NLamp
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ignition using the micro-controller analog to digital
converter

Table 6. Voltage detecting method (V.D.) VS
Proposed frequency detecting method results

Lamp rating || 18W | 32w | 36W | 58w | 70w |
V.D. Method
% Detection rates 100 60 100 70 100
% Type I error 0 40 0 30 0

% Type II error 0 30 0 40 0

Proposed method

Lamp rating 18W | 32W | 36W | 58W | TO0OW

% Detection rates || 100 | 100 | 100 100 | 100
% Type I error 0 0 0 0 0
% Type II error 0 0 0 0 0

where Npgeject is number of lamps that are rejected when
it is actually at its rating.

NWTongAccept

Typell = x 100 (22)

NLamp
where NwrongAccept 1S number of lamps that are ac-
cepted when it is not at its rating.

Because of the overlapped possibility weight of the 32
W and 58 W lamp, the high type I and type II error of
58W lamps are occurred during 16W power regulation.
Even the low accuracy occurs in 16W power regulation
state, the next power regulation state results in the high
detection accuracy implying the right rating will be de-
tected at the final decision. Therefore, this algorithm
results in a 100% detection rate of all tested lamps. For
the testing with very old lamps, the inaccurate detec-
tion is occurred but the protection algorithm stops the
ballast operation due to the rectifying effect.

Comparing the proposed detection with the voltage
detection method, the experiment for measuring lamp
voltages after ignition are carried out as shown in Fig.
17. Using this method, the 70W and 18W lamps are
easily detected but the detection between 32W and 58W
lamps is not possible. The main reason is that the lamp
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voltage after ignition varies with the lamp temperature,
age, and manufacturer. Moreover, the use of A/D con-
verter in micro-controller will cause the noise amplifi-
cation as shown in Fig. 19. The noisy switching envi-
ronment will worsen the detection accuracy. With the
proposed method, the frequency is generating by the
micro-controller itself which is not interfered by noise.
And the multi-step power regulation constrains the lamp
operating condition during the detection as well. The
Detection results of the proposed method and the volt-
age detecting method are shown in Table 6.

6. Conclusion

A multi-rating electronic ballast for fluorescent lamps
based on operating frequency determination has been
presented. The detection algorithm is based on the
probability weight distribution of the lamp operating
frequency, and multi-step lamp power regulation. The
proposed algorithm has shown great accuracy in de-
tecting the targeted lamp power rating compared with
the commonly used voltage detection method. In some
cases, aging lamps may result in misclassification of the
lamps therefore, a protection circuit must be imple-
mented with the ballast. With the proposed detection
algorithm, the multi-rating ballast will help eliminate
concerns about matching the ballast circuit with the
designated lamp power rating.
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