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Abstract — This paper describes the analysis and design
of an electronic ballast devised to drive both, high pres-
sure sodium vapor (HPS) and high pressure mercury
vapor (HPMYV) lamps, in dimmed operation with no need
of parameter modification. The main objective is to
achieve weight and volume reduction of a public lighting
components bench test equipment, used to perform basic
operational tests in a Brazilian electric utility company.
Specifically, the analysis, design and implementation of
an electronic ballast, based on a series-parallel loaded
resonant inverter, for 70 W HPS and 125 W HPMV
lamps testing is presented. Experimental results from a
lab prototype, performing high intensity discharge (HID)
lamp tests in dimmed operation and no discharge arc
instability, evidences the feasibility of the proposed bal-
last concerning the intended application.

Keywords — Electronic Ballast, HID Lamps, Resonant
inverter, Acoustic Resonance, Dimming Operation.

I. INTRODUCTION

The public lighting (PL) service is usually offered by mu-
nicipalities trough electric utility companies. With a good
quality and well designed PL service, improvements on pub-
lic security indexes and traffic can be observed, increasing
population satisfaction [1].

In this context, a R&D project, associating Universidade
Federal de Juiz de Fora (UFJF) and the electric utilities of
Group Energisa, has been established in order to set stand-
ardized maintenance routines and procedures of purchasing,
reception and transportation of PL components [2]. In addi-
tion to these procedures, a benching test equipment has been
developed to provide support on the evaluation of the com-
ponents employed in the PL system (new and used ones).
Figure 1 portrays the upper front and main external modules
of the developed bench test equipment. It is capable to pro-
vide useful information concerning the basic operation of
HID lamps adopted by the electricity company (HPS: 70 W,
100 W, 150 W, 250 W and 400 W; HPMV: 125 W, 250 W
'and 400 W). Moreover, the equipment can also perform
simple testing of electromagnetic ballasts (with an independ-
ent check of igniter, reactor and PF capacitor stages), differ-
ent types of photocells and photocell receptacles.

It is interesting to notice that mercury vapor and high
pressure sodium lamps constitute the main type of bulbs
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being employed nowadays by the Brazilian electric compa-
nies in public lighting (Table I). Although loosing im-
portance in this area, mainly to its reduced luminous efficacy
as compared to sodium lamps, mercury vapor lamps are
expected to be used in the years to come. Even in European
Union, this kind of lamp is allowed to be commercialized
until year 2015 (when they are going to phase out according
to EU directive 2005/32/EC [3]). Hence, to provide a bench
test equipment which takes HPMV bulbs into consideration
is still desirable.

Since 2006, the bench test equipment illustrated in Figure
1 is being employed by Energisa technical staff in 12 cities,
concerning four Brazilian federative unities, and proved to be
useful and suitable according to its original purposes. How-
ever, it is a heavy and bulky equipment (about 70 kg, 1m?
front panel, 1.2m height) due mainly to eight internal elec-
tromagnetic ballasts employed in the lamp test, which corre-
sponds to around 50% of bench test equipment weight.

In order to decrease bench test equipment weight and vol-
ume, what would enable a more compact product as well as
its wide-scale manufacturing and commercialization, these
bulky electromagnetic ballasts could be replaced by electron-
ic ballasts, specially designed to perform test of groups of
lamps, as proposed in Figure 2. The designed ballasts must
be able to drive more than one lamp (not simultaneously),
what would reduce the circuitry and electro-electronics units
inside the bench test equipment. It would also make equip-
ment failure detection easier, increasing tests reliability and
reducing the bench test equipment cost.

It is important to stress that the proposed electronic bal-
lasts will replace only the electromagnetic ballasts employed
for the lamp testing. The other tests performed by the bench
test equipment will remain the same.

Moreover, the use of electronic ballasts allows dimming
control of the lamp, i. e. operating the lamp below its rated
power, thus leading to reduced power consumption during
the lamp test, as well as lamp luminous flux decrement, min-
imizing the glare effect over equipment operator.

The acoustic resonance (AR) avoidance is addressed on
the paper, since it’s an important issue when working with
high frequency electronic ballast’s for HID lamps [5] - [10] .

This paper focuses on the design and implementation of
“Ballast 17, shown in Figure 2, which is responsible to drive
a 70 W high pressure sodium (HPS) or an 125 W high pres-
sure mercury vapor (HPMV) lamp. This electronic ballast,
based on a series-parallel load-resonant inverter, can be very
simple and compact, while being able to perform the test of
these two kinds of lamps, operating below lamp rated power,
without inducing the acoustic resonance phenomenon.
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Fig. 1. Upper front view of the bench test equipment.

TABLE I
2008 distribution of lamp technologies, as employed
by the Brazilian public lighting systems [4]

Lamp Type Percentage Use
Sodium (HPS) 62.93%
Mercury Vapour (HPMV) 31.84%
Mixed (Mercury-Tungsten) 2.22%
Incandescent 1.42%
Fluorescent 0.81%
Metal Halide 0.73%
Others 0.03%
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Fig. 2. Proposed ballast block diagram.

II. ANALYSIS OF THE SERIES-PARALLEL
LOAD-RESONANT INVERTER

The proposed ballast schematic diagram is shown in Fig-
ure 3, where the high-frequency model of the lamp is repre-
sented by the resistance, R, while the DC voltage source, V3,
models the DC bus [11]. This circuit topology consists on a
resonant inverter. This kind of circuit is usually employed in
electronic ballasts for fluorescent lamps with the function of
providing the rated voltage (in a quasi sinusoidal pattern) and
current levels to the lamp and, in some cases, generating an
overvoltage, needed to lamp ignition [12] — [14].
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An inherent problem of resonant inverters is associated to
switching losses, since the semiconductor devices conducts
the load current and are, generally, submitted to high voltage
levels. Switches turn-on and turn-off losses can represent a
significant portion of power processed by the converter. This
kind of losses increases linearly with switching frequency
increase [15] .

Nevertheless, switching losses could significantly be re-
duced by using soft-switching in the resonant inverter, which
can be achieved imposing to the circuit a switching frequen-
cy (@) greater than the natural oscillation frequency of the
resonant filter (ay), i.e., &> @y [15] and [16].

Resonant inverter modeling can be performed by means of
the fundamental component method [11], [15], [16] and [17],
which takes into consideration only the fundamental compo-
nent of v, (this voltage presents a 50% duty-cycle square
waveform). Representing voltage v, by its Fourier series, it is
possible to express the rms value of its fundamental compo-
nent (first harmonic), a,, as a function of the DC bus voltage:

27,
a=—.

T

()

Moreover, the relationship between lamp voltage (v;) and

inverter output voltage (vy) is described by its absolute value,
according to the following transfer function:

Ll 1 )
L T {F IT
a-F* (DI +| ————
0 FO
where:
G +C,
== ®)
R
0=— 4
0
=% )
a,

Since, in steady state, the lamp impedance is much lower
than the C, capacitor impedance, the resonant frequency
(ay), that appears in (4) and (5), is assumed to be:

1
LC

N

(6)

@, =

The voltage gain of a series-parallel loaded resonant in-
verter depends strongly on the load and raises with quality
factor (Q) increase, as can be seen in Figure 4. Thus, this
circuit can be designed to generate the overvoltage needed to
lamp ignition, since it works in an appropriated switching
frequency.
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Fig. 4. Series-parallel loaded resonant inverter voltage gain (a=2).

III. RESONANT INVERTER DESIGN BASICS

The design of a resonant converter consists on choosing
the reactive components (L, C;and C,) in order to limit
lamp steady-state current and generating lamp ignition over-
voltage.

The inverter switching frequency (@,) is constant during
all the working stages. In order to simplify the calculation of
the circuit elements, this parameter is considered, during
lamp ignition, to be equal to the LCC filter resonant frequen-
cy (ar,). The reason here is that before ignition the lamp
impedance is much higher than C, reactance, which cannot
be neglected. Hence,

(M

a)x :a)Op =

After some algebraic manipulation, it is possible to obtain
the components design equations:

C,=— ®
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These equations — (8), (9) and (10) — are written as func-
tions of pre-established variables, named the inverter switch-
ing frequency (@), the normalized frequency (F=ay/ay), the
inverter output voltage fundamental component (a,), the
lamp equivalent resistance and the steady-state lamp rms
voltage (R and v, respectively). The equivalent resistance is
calculated, as a first approach, using the values of the rated
lamp voltage (rms) and its nominal power (R = V;*/P, ).

The normalized frequency (F) is deeply related to lamp
current harmonic distortion: low F' corresponds to a low
THD current [12].

On the other hand, an increase in F results in C; capaci-
tance augmentation and also in a reduction of L inductance
values, which is an interesting practice to reduce the convert-
er volume.

Finally, ballast design must take into account the lamp ig-
nition overvoltage. According to IEC 662: the voltage level
that guarantees HPS 70 W lamps ignition should be between
1.8 kV and 2.5 kV [13]. However, HPS lamp ignition, by
means of an LCC resonant circuit, can be achieved with
much lower voltage levels [14], [18] and [19], what is at-
tributed to the occurrence of high frequency repetitive high
voltage pulses (pulsation phenomenon) [13].

IV. BALLAST SWITCHING FREQUENCY
EXPERIMENTAL DEFINITION

One of the most delicate parameters to be defined in a
high-frequency HID resonant ballast design is the switching
frequency. The main idea is to ensure that the chosen switch-
ing frequency do not excite the acoustic resonance (AR). AR
is a phenomenon that causes arc instability, creating low
frequency fluctuations (from 0 to 20 Hz), which can produce
flicker, color change, electrode stress, arc extinguishing and,
in extreme cases, explosion of discharge tube. It is nowadays
known that AR can be excited by the operation of HID lamps
at high frequencies (above some kHz) [5] - [10].

Since this work goal is to design an electronic ballast ca-
pable to drive 70 W HPS and 125 W HPMV lamps, the prob-
lem of acoustic resonance is of great importance. There are
some ways to prevent this phenomenon occurrence [5] —
[10]. In this work the method of operation within AR free
windows frequencies was employed, aiming circuitry sim-
plicity and the ignitor incorporation, what reduces the ballast
volume.

To determine common AR free windows for both types of
lamps, it was carried out frequency sweeping tests in several
samples of some models of 70 W HPS and 125 W HPMV
lamps (Philips SON PRO 70 W, Osram VIALOX NAV - E
70 W and Philips HPL — N 125 W). Using a general purpose
electronic ballast available in laboratory, the lamps under test
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have been fed over a large range of frequencies (from 30 kHz
up to more than 100 kHz) with fixed input voltage and the
arc behavior has been observed. This implies on the variation
of the output power and lamp’s equivalent resistance. At the
end of the tests it was possible to determine some bands of
frequencies in which both types of lamps did not experience
arc instabilities (close to 37 kHz, close to 55 kHz and around
70 kHz). The switching frequency of 37 kHz has been cho-
sen here, seeking to reduce switching losses. By using this
selected frequency many other lamps of different manufac-
turers, and different operation time, of both types have been
tested. Visible AR has not been observed in any case. More
details about those tests can be found in [19].

V. DOUBLE-LAMP BALLAST DESIGN

As mentioned before, the ballast being proposed here must
drive power to a 125 W HPMV lamp or to a 70 W HPS lamp
in dimmed operation. As a common sense, one can argue that
if the designed ballast can supply the 70 W lamp with re-
duced power, it would be expected that the 125 W lamp
would also operate below its rated power, when driven by the
same ballast with no parameter modifications. Hence, ballast
design will take the Osram VIALOX NAV-E 70 W lamp as
the reference for components calculation.

Hence, in order to achieve a reduced power operation of
the sodium vapor lamp, the ballast must be designed to sup-
ply its rated power in a frequency lower than the AR free
switching frequency (37 kHz, according section IV). By
doing so, i. e. operating the ballast with a frequency higher
than the full power nominal frequency, the lamp will be fed
with a power below its rated value. This is the preferable
method of dimming arc discharge lamps. Another method
consists on reducing the bus voltage, V'3, what could be more
difficult in some cases, since it requires a controlled front-
end rectifier.

As the difference between the full power frequency and
the switching frequency increases, the lamp ignition over-
voltage reachable by a given ballast reduces. So, a trade-off
between power reduction and overvoltage must be estab-
lished. A reduction of around 15% in switching frequency is,
then, proposed here. This leads to a full lamp power frequen-
cy of about 31 kHz, which is going to be used in the ballast
design. Table II shows the main required data to make the
resonant inverter components known.

TABLE 11
Data required to the ballast project
Parameter Value
Switching frequency at full power 31 kHz
Normalized frequency, F 2.7
DC bus voltage, Vg 307V
Lamp rated power, P, 70 W
Lamp rated rms voltage, 71V
Equivalent resistance, R (*) 72 Q

(*) low-frequency estimation
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Using equations (8) to (10) and the Table II data, one can
calculate the resonant filter component values finding C; =
270 nF, C, =30 nF and L = 840 pH.

VI. DIMMED OPERATION PROOF

The frequency sweeping test also allows obtaining the
power vs. resistance high-frequency behavior of a given
lamp (a common used parameter ). This experiment has
been accomplished by using the same apparatus that has been
employed to study the acoustic resonance free windows
(Section 1V). Figure 5 and Figure 6 show, respectively, the
plotting of this characteristic for an HPMV lamp (Philips
HPL — N 125 W) and an HPS lamp (OSRAM VIALOX
NAV — E 70 W). As can be seen, the equivalent resistance of
these two lamps presents a very different behavior in relation
to power variation. The HPMV lamp equivalent resistance
increases with the power reduction, while the HPS lamp
presents an equivalent resistance nearly constant in a power
range above half rated power. This means that HPS lamps
present a drastic reduction of operation voltage when power
decreases, while HPMV lamps work with an almost constant
voltage.

It is interesting to observe that, since there is no strict
standards concerning HID lamp manufacturing, the circuit
operating points can differ for lamps of different manufactur-
ers. However, the equivalent resistance power variation char-
acteristic presents a similar behavior, for a determined kind
of lamp, even for different manufacturers.

Another important observation is that, when operating be-
low rated power, a lamp may not present acoustic resonance
in frequency ranges where the phenomenon would be excited
if it was driven at full (rated) power [10].

The information of Figure 5 and Figure 6 can be used to
predict lamp power in dimmed operation, if its equivalent
resistance is known. This point will be clarified at following.

Before trying to prove the dimmed operation of lamps, it
should be interesting to notice that, to preserve lamp lifetime,
manufacturers recommend that lamps should operate at full
power (for about 15 minutes) before dimming state [21].
This recommendation has not been taken into account in this
work because the developed ballast application is intended
for lamp testing purposes. So, at the bench test the lamp will
operate in dimming mode for just a few minutes, possibly
once or twice in its whole lifetime.

So, in order to preview the lamps (dimmed) power behav-
ior when fed by the electronic ballast, as designed in Section
V, one could think of finding, at first, the ballast power be-
havior against output resistance. Using this characteristic in
association with the characteristics of Figure 5 and Figure 6,
the interception points would give the marks of interest.

By using algebraic manipulations concerning previous
equations (Section II) one can find the ballast power charac-
teristic, as given by (11).

2
q

[a—FZ(a—l)]2+[g—FlQJ

= - (11)
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Finally, by plotting equation (11), with the resonant filter
component values calculated in Section V, against the high
frequency equivalent resistance characteristics of the lamps
(shown in Figure 5 and Figure 6), one can find the expected
operation point of both lamps. This situation is depicted in
Figure 7. Note that HPS 70 W lamp has been represented by
a constant resistance curve of 85 €, which closely match the
experimental (narrow) range observed above, say, 45 W, in
Figure 6. Hence, according to Figure 7, the reference lamps
should work with the following reduced power:

e HPS: OSRAM VIALOX NAV — E 70 W (Old): 49,82
W;
e HPMV: PHILIPS HPL N 125 W (Old): 91,69 W.

Hence, in both cases, the lamps will operate at reduced
power as intended. Experimental verification is given in next
section.

Concerning to the ignition, it is important to stress that
HPMV lamps voltage needed is much lower than the HPS
lamp ignition voltage [22], hence the proposed ballast will
work properly. It is interesting to point out here that the out-
put ballast voltage will not increase so much when a HPMV
lamp is connected. It occurs because the equivalent re-
sistance of this lamp, before the ignition, is much lower as
compared to the HPS lamp since it has an auxiliary ignition
electrode.
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VII. EXPERIMENTAL RESULTS

The designed ballast was prototyped, according to Figure
8 photography. Several tests, with new and old lamps, from
different Brazilians manufacturers, have been performed.
Table III shows some of these results. It was not possible to
know the age of the old lamps employed in the lab tests,
since they were obtained directly from the electric utility PL
system concerning locations with no lamps time of use con-
trol. Figure 9 shows the voltage waveform oscillation of a 70
W HPS lamp before ignition.

It can also be seen that the lamp is started with a 1.15 kV
peak voltage. In addition, Figure 10 depicts the voltage and
current waveforms regarding a 125 W HPMV lamp steady
state operation.

Fig. 8. Proposed electronic ballast laboratory prototype.

Ma(CT)  S40.0Y
MInCT)  -1.158kY

[Faorm 1 Chl—
500% 20.0ps

Fig. 9. HPS VIALOX NAV — E 70W lamp ignition voltage wave-
form (500V/div, 20us/div).
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Fig. 10. HPMV HQL (new) 125 W lamp experimental results.
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trace, 1 A/div) waveforms.

TABLE III
Experimental results
Lamp Type Condition Ignition Power
Voltage
VIALOX NAV - E NEW 1.15kV  42.98W
. 70W (OSRAM)
2 VIALOX NAV - E OLD 1.15kV  45.43W
K= 70W (OSRAM)
£ SON 70W NEW 153KV 46.65W
3 (PHILIPS)
[T
<, SON 70W OLD 1.15kV ~ 48.89W
= (PHILIPS)
Gold Ligth 70W NEW 1.50kV  40.97W
(SYLVANIA)
HQL 125W NEW 80.70W
(OSRAM)
g HQL 125W OLD 82.35W
A (OSRAM)
o
§ HPL - N 125W NEW 86.04W
= (PHILIPS)
3 HPL — N 125W OLD 90.85W
= (PHILIPS)
Deluxe White 125W OLD 80.27W
(GE)

VIII. A DISCUSSION REGARDING LAMPS
END OF LIFE CONDITION

The main purpose of the bench test equipment mentioned
in the Introduction (Section I) is to provide the operators
(engineers and electric companies’ technicians) a simple tool
to check basic functionalities of lighting components. This
means that a sample of an acquired set of lamps should pass
through the bench test when it could be verified its good
condition (even new bulbs could failure in this first test, as
has been observed in past acquisitions, and should be re-
turned to vendors according to regular warranty). The other
interesting occasion to test a bulb is when technicians are in
doubt about used unities conditions, if they need to perform
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very fast maintenance in the public lighting network. In this
case, sometimes the entire set of components is replaced by a
new one and the used components are brought to service or
bench testing at the company office or laboratory. However,
simple glowing bulb results do not ensure a perfect outdoor
operation (as explained at following), especially in the case
of end of life condition or premature lumen depreciation.
Good maintenance practices and time of use control proce-
dures could help companies to avoid keeping unsuitable
unities at field.

Nevertheless, this ideal public lighting procedures is not
always observed in many municipalities and electricity com-
panies. Hence, a technique to preview a bad on-site bulb
operation would be desirable to be included in the bench test.
Although it has not been designed yet, the electronic ballast
described here could be associated to some kind of “end of
life” automatic verification system.

Mercury vapor lamps, for example, rarely burn out com-
pletely but suffer from lumen depreciation. The lamp pro-
duces 50% less light every five years, to the point of becom-
ing ineffective while still drawing the same amount of power
it drew when it was new. It can be also observed that HPMV
lamps fall to 80~75% of its original light output after only
2,000 hours. This is the result of loss of emission from the
electrodes so that the arc fails to strike [22].

On the other hand, high pressure sodium lamps exhibit a
phenomenon known as cycling when they are at the end of
its life. These lamps can be started at a relatively low voltage
but as they heat up during operation, the internal gas pressure
within the arc tube rises and more and more voltage is re-
quired to maintain the arc discharge. As a lamp gets older,
the maintaining voltage for the arc eventually rises to exceed
the maximum voltage output by the electrical ballast. As the
lamp heats to this point, the arc fails and the lamp goes out.
Eventually, with the arc extinguished, the lamp cools down
again, the gas pressure in the arc tube is reduced, and the
ballast can once again cause the arc to strike. The effect of
this is that the lamp glows for a while and then goes out,
repeatedly. The cycling phenomenon is usually caused by
sodium loss via chemical reactions with arc tube components
(with electrode emission mix, wall material, and sealing
material). Other possibility is due to an increase in amalgam
temperature caused by arc tube end-darkening or an increase
in electrode losses [22]. Since HPS lamps need an ignitor
associated to the electromagnetic ballast (which differs from
HPMYV lamps), the cycling problem may result in ballast and
ignitor premature failure.

The cycling phenomenon often results in a switching
(lamp on and off) process with duration of several minutes,
which may not be detected in a fast bench testing. So, opera-
tors should be instructed to execute the test for a minimum
amount of time, say 10 minutes or more, depending on the
lamp model and brand. As already mentioned here, an alter-
native is to provide an automatic end of life detection system
associated to the ballast.

Techniques to detect end of life condition of HID lamps
are not so simple and have been object of some interesting
works [23] — [27]. For example, it would be possible to state
that a HID bulb is at the end of its life if its steady state cur-
rent presents some amount of imbalance, as in the occurrence
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of a rectification process. This situation could be measured
by means of charging a well-placed detection capacitor,
which would be completely discharged in the case of normal
condition lamp operation [24]. Another option is to provide
the lamp with a drive circuit with a zero-crossing detector,
generating a voltage pulse each time a zero-crossing of the
lamp current is detected. So, one could utilize the absence of
such zero-crossing signals as indicating the occurrence of an
end of life mode [23].

A further alternative would be to measure the terminal
lamp voltage and verify if it surpasses a specific threshold,
since old bulbs normally feature increased arc voltages as
compared to new ones (see Table IV, where the electronic
ballast voltages are relative to the dimming operation). How-
ever, due to the great variety of lamp models and brands to
be tested it would be necessary to store those threshold levels
in some kind of memory and ask the operator to indicate,
prior to the bench test, the exact type of bulb being tested. It
can be seen that, even in dimmed operation the arc voltage of
the old lamps are higher than the new ones.

In conclusion, although not implemented yet, the above
discussion explains that it would be possible to provide the
ballast proposed here with some kind of automatic lamp end
of life detection system. In this case, the maintenance proce-
dure would become more straightforward and accurate,
avoiding subjective or premature conclusions from novice
technicians or not well trained bench test operators.

IX. CONCLUSIONS

This work has proposed an electronic ballast to be applied
to a bench test equipment intended for basic testing of HPS
and HPMYV lamps. The main idea was to achieve weight and
volume reduction of the test equipment, as well as energy
saving and minimization of glare over operator. On this way,
the ballast has been designed to provide power to both (not at
the same time), a 70 W sodium and 125 W mercury vapor
lamp, in dimming operation.

Series-parallel load-resonant inverter has been chosen to
be the core of the ballast and its main characteristics and
equations have been revised here. A design methodology for
the LCC resonant circuit has also been included.

TABLE IV
HID (Old and New) Lamps Voltage Operation

Lamp Condition Electromagnetic Electronic
Ballast Voltage Ballast
Voltage
HPS Osram NEW 902V 556V
70W
HPS Osram OLD 948V 585V
70W
HPS Philips NEW 962V 64.1V
70W
HPS Philips OLD 100.3 V 693V
T0W
HPMV NEW 1194V 1155V
Osram 125W
HPMV OLD 1373V 1309V
Osram 125W
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In addition, a comprehensive discussion about the defini-
tion of the inverter switching frequency has been presented.
This task has been accomplished by means of frequency
sweeping procedure (from 30 kHz to 100 kHz) using a gener-
ic electronic ballast feeding the selected lamps, one at a time.

The sweeping frequency test has helped to find a set of
frequency ranges with no acoustic resonant instabilities (AR-
free windows), and the specific value of 37 kHz has been
chosen to implement the desired ballast.

Experimental results obtained from the proposed electron-
ic ballast were used to verify the design methodology, as
well the suitability of this topology to the intended applica-
tion.

With no need of parameter adjustments, the lab prototype
has been able to perform tests in HPS and HPMV lamps,
working with reduced power and absence of visible arc in-
stabilities. The same prototype has been also able to generate
voltage spikes, as needed to HPS lamp ignition, and naturally
suppressed them after this stage to enable final stages evalua-
tion (glow to arc, warm-up and steady-state operation).

Finally, test results performed in HPS and HPMV lamps,
from different manufacturers and ageing times, have been
presented. All tested units have reached their steady-state
operation, concerning the imposed conditions.

Moreover, a brief discussion gives some arguments that
prove the possibility to predict de lamp lifetime by means of
well-known techniques, although this function has not been
implemented in the designed prototype.
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