A Method and El ectronic Control Circuit for Regulating the Operating

Behavi our of Gas Di scharge Lanps. The present invention relates to a

met hod and an el ectronic control circuit, such as for exanple an el ectronic
control gear, for regulating the operating behaviour, in particular the

bri ght ness, of gas discharge | anps. Figure 5 shows, for exanple, the
construction of a known electronic control gear for controlling a gas

di scharge |l a i scl.o ' P-Al-0.49 29. EP-A1-0_338.109 ha

i scl osed an B MefRed S8UCRTHsHRolTe toReral FEPpRet. FhELRES A Ine e
shown i n Fi gWrpetatinghBehawdeuvrerf GaspbPiechetghedmpg.transforners T1 and
T2 illustrated ipn Figure 5, _an ignition or heating capacitor connected in
parallel to the lanp coils is used. In accordance with Figure 5, a
rectifier 1, conprising diodes D1-D4 connected to forma bridge circuit, is

connected vi arik@pgeésons ChvendibR kelaBed. €o 4OMb8BOASaUECanUkeedtrotit

capacitors (nbég%&o gigcggEE 8ch dikgr example an electronic control

gear, for regulating the operating behaviour, in particular
the brightness, of gas discharge lamps.

Figure 5 shows[ for example, the construction of a known -
electronic control gear for controlling a gas discharge lamp
3 as disclosed in EP-A1-0 490 329. EP-A1-0 338 109 has
disclosed an electronic control gear similar to the circuit
arrangement shown in Figure 1 in which however, in place of
heating transformers Tl and T2 illustrated in Figure 5, an
ignition or heating capacitor connected in parallel to the
lamp coils is used.

In accordance with Figure 5, a rectifier 1, comprising
diodes D1-D4 connected to form a bridge circuit, is
connected via capacitors Cl and C2 to an a.c. voltage source
ug. The capacitors Cl1 and C2 are part of a radio
interference suppression arrangement. The input a.c.
voltage u; rectified by the rectifier 1 is fed to an
inverter 2 which generally comprises two alternately
switched semiconductor switches. The inverter 2 converts
the link voltage rectified by the rectifier 1 into an output
a.c. voltage. Here the output freguency and/or duty factor
between the switch-on times of the semiconductor switches of
the inverter 2 is/are variable. The output voltage of the
inverter is fed to a load circuit comprising a series-
resonance circuit consisting of a coil L1 and a capacitor
C8, a coupling capacitor C4, heating transformers Tl and T2
for the lamp coils, and the gas discharge lamp 3. The gas
discharge lamp 3 is connected via wire conductors to heating
transformers Tl and T2. The lamp current i, flowing across
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interference suppression arrangenment. The input a.c. voltage u[err]
Yectified by the rectifier 1 is fed to an inverter 2 which generally
conprises two-alternately sw tched seni conductor switches. The inverter 2
converts the link voltage rectified by the rectifier 1 into an output a.c.
vol tage. Here.the output frequency and/or qFty factor between the sw tch-on
times of the sem conductor switches of the<“inverter 2 is/are variable. The
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wire conductors to heating transformers Tl _and T2. The |a urrent if[err
f1 owi ng acrosamp 3, i.e. the frequency and;gr gﬁty Pa?to?ﬁgggséediscLargL
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di schar ge Ianﬁ s di d 1n that the output frequency f of_the inverter 2
i s increasedThe initial ignition of the gas discharge”lamp 3 takes place

in that the output frequency of the inverter 2 is adapted to

the resonance frequency of the series-resonance circuit
comprising the coil L1l and the capacitor C8.

If, however, the lamp current i, is used as regulating
variable, operating disturbances can occur due to
excessively long connection lines between the terminals of
the electronic control gear and the gas discharge lamp.

This manifests in particular in the case of strong dimming,
i.e. with low brightness of the gas discharge lamp. These
operating disturbances are caused by capacitive influences
of the wiring as parasitic capacitances C5 and Cé occur
between the lines and earth and a parasitic capacitance C7
occurs between the lines. It can be seen from Figure 5 that
the capacitances C5 and C6 between the lines and earth only
slightly influence the lamp current i, measured via the
resistor R1 as the capacitive currents flowing across these
capacitances C5 and Cé6.are conducted past the resistor Rl
and the capacitance C6 of the line 2 is balanced to earth by

the dimming capacitor C3 relative to RIL.

On the other hand, the capacitive current produced by the
parasitic capacitance C7 between the lines is superimposed
upon the lamp current i, measured via the shunt resistor R1.
The resistance equivalent circuit diagram, shown in Figure
6, of the lines with the gas discharge lamp 3 and the
parasitic capacitance C7 shows that the shunt resistor Rl is
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The inpitial ignition of the gas discharge lanp 3 takes place in that the
out put frequency of the inverter 2 is adapted to the resonance frequency of
the series-resonance circuit conprising the coil L1 and the capacitor C8.

| f, however, the lanp current i[err] is used as regulating variabl e,
operating di sturbances can occur due to exqfssively | ong connection |ines
between the termnals of the electronic control gear and the gas di scharge
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resistor Rl an e capaclt ance S bal'anced to earth by
the dinm ng capacitor C3 relative to Rl. On the other hand, the
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shows t hat ”&M {g%g&gﬁrgﬁ, iv%hich peak value is compared with a
predetermined setpoint value which is variable by means of
the dimﬁing setting, whereupon optionally the output
frequenéy f or the duty factor d of the switches of the
inverter of the electronic control gear is changed. If too
high a lamp current is detected via the resistor R1l, the
inverter frequency f is increased so that the voltage across
the heating capacitor C8 of the series oscillating circuit
falls. 1In this case the gas discharge lamp connected in
parallel with the capacitor C8 is connected to a lower
voltage and thus emits less light. '

However, in the case of the known circuit arrangement shown
in Figure 5 accurate regulation of the operating behaviour
of the gas discharge lamp as a function of the lamp current
measured via the resistor R1 is not possible, as the peak
value of the sum current i;(t)+i.,(t), (compare Figure 6)
i.e. the sum of the lamp current i, flowing across the coil
resistors Ryepger 1 @Nd Ryenge: » and the lamp resistor Rygg,. of
the gas discharge lamp 3 and the capacitive current i,
flowing across the parasitic capacitance C7, is actually
measured via the resistor Rl1. As with increasing frequency,
i.e. stronger dimming, the capacitive resistance of the
parasitic capacitance C7 falls and the lamp resistance Ry,
remaing constant, in the current measured via the resistor
Rl the capacitive current component i., increases in



3 supplied via the line 2 with the lanp current i[err] flow ng across the
I'anp resistor R err] and the capacitive current i[err] flow ng across the
parasitic capacitance C7. Thus not a purely ohmc current, but a current
i[err]+i[err], shifted in phase relative to the |anp voltage as a function
of the parasitic capacitance C7, flows across the shunt resistor RIL. As
al ready nentioned, the current flow ng acroSs the resistor RL is used to

regulate the bl it 56580 0tnt Ngu0as, IbRGIA 98nbaBRy fenkelanBaait iicul ar the
peak value of this current Is ngasgre , mhlqw peaE val'ué_I's conpar&d with a
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frequency f isctual eeakdesoftbhhe Lhmpvoliragetadyoss the heati ng capacitor
C8 of the series oscillating circuit falls. In this case the gas discharge
| anp connected in parallel with the capacitor C8 is connected to a | ower
vol tage and tHuks epregesasis| Lyhustratpdeldnr Figureh8, cabewbichh&F lgnewms 8a
circuit arrange@dtsRbPVIifferent characteristics of the lamp voltage u
and the current i;,, measured across the resistor R1, for
different values of the line capacitance C7. Figure 8a
illustrates the ideal situation in which the parasitic line
capacitance C7 is very small, so that the capacitive current
component i., of the current measured across the resistor R1
is negligibly small and this current measured across the
resistor Rl substantially corresponds to the lamp current
i,. As in this case the current is substantially purely
ohmic, the current is not shifted in phase compared to the
lamp voltage u;. As already described, usually the peak
value of the current detected across the resistor R1 is
measured. This peak value is compared, as actual value I, .,
with a predetermined setpoint value I_,;,. In the example
illustrated in Figure 8a the measured peak value I,
corresponds to the setpoint wvalue I“ﬁ and therefore no
regulation of the brightness of the gas discharge lamp 3 is
required; Figure 8b illustrates this process when an
average line capacitance C7 occurs between the lines. It
can be seen from Figure'Sb that, as a result of the
capacitive current i., flowing across the line capacitance
C7, not only is the current i;; also shifted in phase
relative to the lamp voltage u; but the measured peak value
Tisc
illustrated in Figure 8a. Therefore in the case of the

is also distinctly increased compared to the situation

signal characteristic illustrated in Figure 8b the

electronic control gear would recognise that the measured
peak value I,,, is greater than the measured setpoint value
I..;i- The electronic control gear would therefore attempt



in Figure 5 accurate regul ation of the operating behavi our of the gas

di scharge lanp as a function of the lanp current .neasured via the resistor
Rl is not possible, as the peak value of the sum current
i[err](t)+i[err](t), (compare Figure 6) i.e. the sumof the lanp current
i[err] flow ng across the coil resistors Rerr] and R err] and the |anp
resistor Rlerr] of the gas discharge lanp 35and the capacitive current
i[err] flowing across the parasitic capacitance C7, is actually neasured
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di fferent characteristics of ?1 tage u err
extinguishing of the gas dlscharg la p 3 by the electronic

control gear cannot be ascertained by measurement of the
current i, flowing across the resistor R1 as a capacitive
current i, also flows when the lamp is extinguished via the
parasitic capacitance C7. Figure 8c illustrates
corresponding signal characteristics for the occurrence of a
high line capacitanée value between the lines which connect
the gas discharge lamp 3 to the electronic control gear. In
the case of the signal characteristics illustrated in Figure
8c, due to the distinctly increased capacitive current
component iy, relative to the lamp current i;, the resultant
sum current i, is distinctly increased again. The
measurement error occurring as a result of the

- superimposition with the capacitive current i., is greatest
in the example illustrated in Figure 8c.

It will be apparent from the previous description that due
to the capacitive influences of the wiring, correct dimmer
operation of the gas discharge lamp is not possible since,
particularly in the case of strong dimming of the gas
discharge lamp, the capacitive current i.,, flowing across
the line capacitance C7 is distinctly superimposed upon the
lamp current i, actually to be measured. The previously
employed method, in which the peak value of the current ig,
flowing across the resistor R1 is measured, is therefore too
inaccurate in the case of electronic control gears covering
wide dimming ranges (between 100% and 1% brightness). For
different cable types and different cable lengths 1 and for
different operating frequencies f, Figure 7 shows the value



and the current i[err], nmeasured across the resistor Rl, for different

val ues of the line capacitance C7/. Figure 8a illustrates the ideal
situation in which the parasitic line capacitance C7 is very snmall, so that
the capacitive current conponent i[err] of the current neasured across the
resistor RL is negligibly small and this cyrrent neasured across the
resistor RL substantially corresponds to t%% | anp current i[err]. As in
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Figure 8b the electronic control gear would recogni se that the neasured
peak value I[err] is greater than the neasured setpoint value I[err]. The
el ectroni ¢ cOherefapeartheowht edteref orke aineepetion is to provide a method

and a control circuit, in particular for the implementation
of the method, for regulating and/or measuring the operating
state of gas discharge lamps in which accurate regulation
and/or measurement of the operating state is possible and it
is unnecessary to take into account the wiring length
between the gas discharge 1amp'and a series-connected

electronic control gear.

This object is achieved with regard to the method by the
features of Claims 1 and 2 and with regard to the electronic
control circuit by the features of Claim 12.

In accordance with the invention it is proposed thét only
the active component of the lamp current be evaluated. 1In
this way the influence of the capacitive current flowing
across the parasitic line capacitance is eliminated and
accurate regulation and/or measurement of the operating
state is possible without the need to take the line length
into account. In particular, the connected lamp can be

accurately dimmed over wide dimming ranges.

Further advantageous developments of the invention are

described in the sub-claims.



to reduce this increased current again by increasing the frequency across
the inverter 2, although this is opposed by the capacitive resistance -
falling due to the rising frequency - of the parasitic capacitance C7, with
the result that the capacitive conponent i[err] of the current if[err]
measured across the shunt resistor Rl is igcreased. This cycle finally

| eads to the extinguishing of the |anp, although the extinguishing of the
gas di schargepl e I dhiaE!aud rﬁWént%}t 109 SATRindE i‘ﬁC&%Eéﬂed

by measurenent of the current 4 {ﬁéﬁ omnng across the resistor as a
capaci tive cifr &R ifoam Phrksis aﬁfﬂ"?‘? BEREFgui TReBh®ia the
parasitic capaamimgze C/. Figure 8c |IIustrates correspondi ng signal
characteristics for the occurrence of a high |ine capacitance val ue between
the lines which connect the gas discharge lanp 3 to the electronic contro
gear. In the- caseﬂﬂgunaahma?ﬂﬂs(nuxnﬁnﬁﬁ|&ndcxolﬂagst¢hazabter£sgmcs 8¢,
due to the distingtl %ﬁéﬁ&ﬁ r SRR t err]
relative to the I%hgmgﬁﬁfent |[é§§f e resu tiﬁ%osun103§$e%%él[err] is
di stinctly incread@YeR§dioR: The neasurenent error occurring as a result of
t he superinposition with the capacitive current i[err] is greatest in the
exanple illustrat une 8c arent, fromthe previous
description fthat %dgutr(?t & oe‘{vﬁacﬁlﬁféltl nfafrtfg Oglspfp € %aW??%ﬁlsgbf?e&P
di mer operation expllagagdondic Fargpedraheianpmiarp crsbdd bnenncagccording

to the invention;

- Figure 3 schematically illustrates an electronic
control gear according to the invention;

- Figures 4a and 4b are diagrams comparing the methods
according to the invention with the known regulation
method;

- Figure 5 illustrates a known electronic control gear;

- Figure 6 is a simplified resistance equivalent circuit
diagram of the lines shown in Figure 5, the lamp and
the parasitic line capacitance;

- Figure 7 shows example values of the line capacitance
for different cable types, cable lengths and operating

frequencies and

- Figure 8 shows current- and signal characteristics in
explanation of the known regulation method.

Figure 1 illustrates characteristics of the current ig
measured via the resistor Rl and of the.lamp voltage u, for
different values of the line capacitance C7 shown in Figure
5. Figure la shows the signal characteristics for a vefy
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particularly in the case of strong dimm ng of the gas discharge | anp;. the
capacitive current i[err] flowing across the |ine capacitance C7 is

di stinctly superinposed upon the lanp current i[err] actually to be
measured. The previously enpl oyed nethod, in which the peak val ue of the
current i[err] flow ng across the resistor 5& I's nmeasured, is therefore too
I naccurate in the case of electronic control gears covering w de dinning

ranges (bet %Pofﬂ.ﬁgdc;g‘égﬁthE e9aluet @ Iidd et «iRblRdadies,
di fferent cab e | engt erent dperating freque C|es Flgure
7 shows t he Vexgent i superlmposed upon the actual lamgp qﬁrq¢npphr@gq|c
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perm ssi bl e viditgisepgkpebt tRdeshigabllecharacteristics illustrated in
Figure la do not differ from thé signal characteristics
illustrated in Figure 8a. Figure 1b shows signal
characteristics for the situation in which an average line
capacitance C7 forms between the lines shown in Figure 5, so
that the current measured across the resistor Rl is shifted
in phase in relation to the lamp voltage u, and leads the
lamp voltage u,. In accordance with the invention, it is
proposed that the current flowing across the resistor Rl be
measured only when the lamp voltage u; has reached its peak
value. For a purely sinusoidal current i;,, the following
formula thus applies:

A »

Lise = Iie - sin (a+B) _ (1)
wherein I corresponds to the peak value of the current
measured across the resistor Rl. However, for purely
sinusoidal variables the following also applies:

o = Tw/2 (2)

As:
sin(a+m/2) = cos(a) (3)

formula (1) is-simplified into

A _ _
I,,, = I - cos B (4).



Therefore the object of the invention is to provide a nethod and a control
circuit, in particular for the inplenentation of the nethod, for regulating
and/ or measuring the operating state of gas discharge | anps in which
accurate regul ati on and/ or neasurenent of the operating state is possible
and it is unnecessary to take into account ghe wiring | ength between the
gas discharge lanp and a series-connected el ectronic control gear. Thi s

object is acm&ﬂ%méﬁtr@aérdaweghg aEbefanlaysth@Jceawms of CGaies 1

and 2 and mnth regard to t%f el estronic control circuit the features of
Claim 12. deie eVArLRSt he@PHvERECon it is proposed that only the
active conponent of the Ianp current be evaluated. In this way the
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wi de di mm ng ranges. Furt her advantageous devél opnents of_ the I nvention
are descrrba@qqg¥bk?sﬁ% ¢alrylate the unadulterated actual value I;,, at

the time at which the lamp voltage u; has reached its
positive peak value. Figure 1lc illustrates corresponding
characteristics for a very large value of the line
capacitance C7, so that the current i,, measured across the
resistor Rl is distinctly increased and is distinctly
shifted in phase compared to the lamp voltage u,. Even in
the event of such a strong influence of the capacitive
current i., flowing across the parasitic capacitance C7, in
the method according to the invention the actual value I,
corresponding to the actual lamp current i, is always
measured and therefore accurate regulation of the lamp
brightness is possible even with strong dimming.

The method illustrated in Figure 1 calculates the actual
value I, in fault-£free manner only for purely sinusoidal
current characteristics. However, this method can also be
employed for other periodic curve characteristics although a

uniform error always occurs.

Figure 2 shows the corresponding current- and voltage
characteristics in explanation of the second exemplary
embodiment according to the invention. Figure 2a again
'shows the characteristics for a negligible capacitive
current across the line capacitance C7, while Figures 2b and
2c show the signal characteristics for an average line

capacitance and a very high line capacitance.

In accordance with the second exemplary embodiment of the
method according to the invention, it is proposed that the



fhesn T W

7 In the followng the invention will be explained in detail in the form

of preferred exenplary enbodi nents. 1n the draw ng: Figure 1 shows
current- and voltage characteristics of a first exenplary enbodi ment
according to the i nventi on; Figure 2 shows current- and voltage
characteristics in expl anation of a Sg ond exenpl ary enbodi nent

accordi ng to the invention; Figure 3 schematically illustrates

an el ectroni Guean v4PQHLT8E GRAT cﬁ%%%'h‘éi fiﬁ,og%éélﬁéd‘vﬂ%&@thé sibLQY" €s
4a and 4b are diagrans conmparing the net S according to TR
i nvention witRltlpe kAERAdr g6iagi anhalf wayehed the lamgivaitage u..

iIlustrates arkinsWwehel geitRnbeiconkhd vaQak of the Jurtér QﬁLSd@ring a

sinplified reglprance. gyl YALeYL g 8 thge v, is calculated as actual
value I,;,, of the lamp current i, which serves as regulating
variable for the frequency and/or duty factor of the
inverter. It can be seen from Figure 2 that, as a result of
the current-voltage shift caused by the line capacitance C7,
the thus measured mean value, i.e. I;,., follows the cosine
of the shift angle 8 illustrated in Figure 1b during the
positive half wave of the lamp voltage u,. Thus

I,,, ~ cos B : (5).

For the extreme value B = 0°, the whole of the shaded area
above the zero line is the gauge of the actual value I,;, of
the lamp current i, while for B = w/2, the areas above and
below the zero line are equal in size and thus the
arithmetic mean value, i.e. I,,, is zero. Between these two
extreme values fér I,,. there always remains a positive area
component, and thus a corresponding mean value, which is
evaluated as actual value I;,, of the lamp current I, and is
used as regulating variable for the brightness of the gas
discharge lamp.

It can be seen from Figure 2 that, due to.the arithmetic
mean value formation, it is possible to eliminate the
capacitance current component i., produced by the parasitic
line capacitance C7, whereby accurate dimming of the gas
discharge lamp over a wide dimming range is possible. 1In
particular, in the case of the second exemplary embodiment
of the method according to the invention illustrated in
Figure 2 it is also possible to arrive at the correct actual
value I,,, as regulating variable for the inverter by
measuring the phase shift between the current i, and the
lamp Qoltage u,,. '



di agram of the lines shown in Figure 5 the |lanp and t he parasitic

i ne capacitance; Figure 7 shows exanpl e values of the |line

capaci tance for different cable types, cable |l engths and operating -

frequenci es and Figure 8 shows current- and signal characteristics
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characteristics of the current i[err] neasured via the resistor Rl and of

the lanp vol agesdod Ofesidf&rsnt @l H@éhﬁéstbflbgefaewa%t ﬁ@gargz shawa
C for a very

in Figure 5. Figure |la shows the signal aracteristics
8 small |in& déhdhatarrvans @ty the agkualnackipacrempenentr efit theerr]

superi nposed 1@wy dlieradt Uubd évdPustedentwithra] camplékonhipg agresat! Bis
| i ne capacitance Cz:is n%%iiq%bly sngll. L n thks gaéﬁ nggﬁhase shift ,occurs
between the ST Eht™HT erP  headtr b hcrSEROPRRC r 8L kG, AP AFHTFRBEI &fp

vol t age u[ er dsedarftbr the regulation of the operating state.

Figure 3 is a simplified block circuit diagram of an
electronic control gear according to the invention which is
used in particular for the implementation of the method
according to the invention. 1In addition to the circuit
elements already shown in Figure 5, a device 4 for measuring
the voltage u, and the current i;, flowing across the
resigstor R1 is additionally provided. A measured variable
proportional to the lamp voltage u, is tapped between the
resistors R4 and R5 and fed to the device 4. As already
described with reference to Figure 5, via the shunt resistor
Rl a measured variable proportional to the lamp current i,
is tapped and fed to the device 4. On the basis of the
supplied signal characteristics, the device 4 calculates the
actual active component of the lamp current, i.e. in
accordance with the previously described exemplary
embodiments of the method according to the invention the
device 4 calculates the actual wvalue I;,, of the lamp current
I, corrected in relation to the capacitive component i.,.
This actual value I,,, is fed to a device 5 which subjects
the calculated actual value I, to a setpoint-actual
comparison with a setpoint value, i.e. a predetermined
setpoint value I_,;,. As a function of this setpoint-actual
comparison, the frequency £ and/or duty factor d of the
inverter 2 is changed in order to regulate the brightness of
the gas discharge lamp 3. Alternatively however, it can
also be provided that the actual value I, calculated by the
device 4 be fed directly to the inverter 2.

It should be noted that u, and i, can also be measured by a
device separate from the device 4. Egqually, one or several



the current measured across the resistor Rl ideally correspohds to the lanp
current i[err] actually to be neasured. In this respect the signal
characteristics illustrated in Figure la do not differ fromthe signal
characteristics illustrated in Figure 8a. Figure |Ib shows signa
characteristics for the situation in which,an average |ine capacitance C7
fornms between the lines shown in Figure 5 so that the current neasured

across the re&eﬁéﬁrr&efénéel {hedableRN2ss e i@l 1ikddad Q?f lanp Q) t age
u[err]. I n accordance wth thé&’invention,

uferr] and | eads gﬂg vol tag

it is propos&?@Wﬁ&eth uRFERE FPBwFﬁ@eé§Po§§ e ﬁ&%@ﬂhﬁsf%.tkh%easured
only v\/ngnI t haﬂmmlal 2 ageulll haSol’béCheé;il as ﬂ%fﬂer\efiidﬁ% vlaﬁ&ralcmcinﬁglﬁ/he

si nusoi dal curr ert ng. formy s applies:. .

[err]  wher &1 Tor rd spon%fg?%gtﬁg 3%&335 qfﬁbé%ﬁ%&nﬁlﬁﬁﬂk%red
across the restrangemant Hhoepreditbabjer. el ?hMSmfsm ¢xampdre ailll ezan hee
followng al %b@cpﬂ*.ié'& that ll:he cu f[aﬁ'i:r be mea Jj after a certain %')Lme

(2) As: err]+ err =_.COS
formula (1) |1§1‘?ﬁ1ﬁfﬁ1ff‘é loyitpg the smtchmg on

switch., If the time interval is selected such that the

the one 1nverter

current measurement takes place at the time of the voltage
maximum, the measured current corresponds to the actual
active component of the lamp current. It is also possible
to form the mean value of the measured current between the
switching-on and off of a switch of the inverter 2.

Figures 4a and 4b are diagrams comparing the known
regulation method with the regulation method according to
the invention. Figure 4a illustrates the lamp power as a
function of the value of the parasitic line capacitance. It
can be seen that, as already described, the characteristic
referenced c¢ and corresponding to the known regulation
method is highly dependent upon the line capacitance,
whereas the characteristics referenced a and b of the first
and second exemplary embodiment respectively of the method
according to the invention are virtually independent of the
line capacitance. It can also be seen from Figure 4b that
in the case of the known regulation method the operating
frequency is distinctly influenced by the line capacitance
(compare characteristic c¢), while in the case of the methods
according to the invention an operation which is wvirtually
independent of the line capacitances is possible (compare
characteristics a and b). It should be noted that the
characteristics illustrated in Figures 4a and 4b have been
shown for constant resistance values of the lamp. For
larger lamp resistance values it was found that the
characteristics a and b according to the. invention are



[errj‘

9 For the extreme val ues
[err] = O[err] and [err]= 90 ([err]/2), i[err] thus assunes the values |
and zero. Wien the peak value | of the current i[err] measured across the

resistor RL is known, by neasuring the phase difference between the current
i[err] and the | anp voltage UL it is thus possible to calculate the
unadul terated actual value I[err] at the ti'le at which the |anp voltage

uferr] has regShRfal-isy p8§bbi¥.@eaeal&h\iqleu%hé:'cﬂiglf‘aét(éfnlé%ﬁ‘.sct,%aéeéf the

correspondin
capaci tance

characterlstlcs for_ a very large _val ue of

10¥R FRgRlahioRuMEEROS; F&“\aﬂlqr@é’é‘lﬁtéimd'&]&s}é unghargeds or RL

Is distinctly |ncreased and is distinctly shifted in phase conpared to the

| anp vol t age
capacitive c

KBt Ly £ Poblafy s HEFs R, Sdg hetpn Heeader.

t he net hod ao&cm@tdgngotohEhenVBMEnmnomhaxacum&31UMﬂnailjeadqamtngeeusnding

o e, B0t Ualuh P HER=Tbn i LEER] rbSBRIRASTRI UL A JNSLET Orgyafiourat e

regul ati on of t

tness iIs l'e even wt rong dinmn
rapid 1gn1t10n recognition is particularly advantageous when

the gas discharge lamp is to be dimmed in its brightness as
rapidly as possible after its ignition. Especially when a
lamp is to be started with low brightness, the capacitive
current component i., produced by the parasitic line
capacitance C7 is problematic since, in order to be able to
increase the output frequency of the inverter for dimming
the gas discharge lamp immediately after the ignition of the
gas discharge lamp, upon the detection of a current flowing
across the shunt resistor Rl it is concluded that the gas
discharge lamp has successfully ignited. In the known
regulation method, errors can arise in that the capacitive
current component i., flows across the capacitive line
capacitance C7 even when the gas discharge lamp has not
ignited, which could be incorrectly interpreted as the lamp
current produced by the ignition of the gas discharge lamp.
As however, by the use of the regulation methods according
to the invention, the measured actual value now is virtually
independent of the influences of the line capacitance C7, on
the basis of the actual value of the current across the
resistor Rl calculated in accordance with the invention it
igs possible to reliably conclude, upon the overshooting of a
precisely definable threshold, that the gas discharge lamp
has successfully ignited.

The method and the control circuit according to the
invention can also be applied to the electronic control gear
described in EP-Al1-0 338 109 referred to in the
introduction, which comprises an ignition- and heating
capacitor arranged in parallel to the gas discharge path of



The .method illustrated in Figure 1 calculates the actual value I[err] in
fault-free manner only for purely sinusoidal current characteristics.
However, this nmethod can al so be enployed for other periodic curve
characteristics although a uniformerror always occurs. Figure 2 shows
the corresponding current- and voltage chaggcteristics in explanation of

t he second exenpl ary enbodi mrent according to the invention. Figure 2a agai

shows the chaactByms! i czsnf%sl@e r@ﬁltﬂébbsraﬁpé@&bﬁﬁeeeéaeﬂteae&hass the
| i ne capacitance C? mhlje s 2b apd 2c, show the, sig

char act eri st i CPITEAr AR %a%hEhtEh%elﬁﬁﬂn519Er§hﬁ|SHtP?ﬂelamP
capaci t ance. cuﬂremmmmamendumhré@e s'enendoﬁseqwéﬁee epbeHisedk ehathe

met hod accor q_lnngcfﬁ? r;&_? dlfm nﬁrt’i%)er r#‘%%% gﬁlge%lht he

10 nean val Ué he curren % esistor Rl be
formed duri n@FrHat( lﬁﬁmﬂQﬁ t¢mm¢%m$mvotobgeau?esr?nd environmental

influences (such as e.g. the environmental temperature) upon
the lamp which would affect the regulation accuracy, are
eliminated by the use of the invention.

A)

In general the invention, and.the advantages thereof
explained in detail in the foregoing, can be applied both to
dimmable and to non-dimmable devices. In particular, the
device can also be applied to electronic control gears which
comprise externally commutated inverters and which thus
require to be regulated.



Thus the arithnetic nean value of the current i[err] during a half wave of
t-he Ianp voltage UL is calculated as actual value I[err] of the lanmp _
current i[err] which serves as regulating variable for_the frequency and/ or
duty factor of the inverter. It can be seen fromFigure 2 that, as a result
of the current-voltage shift caused by the |ine capaci tammmw“n
measured mean value, i.e. I[err], follows the cosine of I Elm“ml
[err] illustrated in Figure Ib durlng t he ?OSItlve hal f waveé of the famp

voltage u[err]. Thus [ er or the extrene value [err] =
O[err], the whole of the shaded area above the zero line is the gauge of

t he actual value | [,e g | te 4
[err]/2, the %reashhgg%%ﬁgk lf§§§#§€{§§1t¢ e§%§%£%$£:$g$%é§é%% aﬁdthus
the arithmeti éeassnongl @8s idiechirge |lamp 3y 0. wiBenebs operatedoinxtreme

values for I|[gakkithane &R%n reélf@dtrksoﬁda%ﬁw& Y&fr C%@%efﬁnc@ﬂént ?ES
a correspondi ng HE?EPFFlue whi I S evalua as actua val ye I[err] o]

the | anp curr@n¥ef Dehd A%t Gasrleg§l HQﬁ}QE%q 13 ik Heh

bri ght ness of rebalegdnd sehdrgsad ams.;) ild baaredorrsade fdaamvd gopchdémat ,
due to the ar h a (o] Lhle t I|n1nat t he
capaci t ance cé%ren% ﬁaﬁ%b%%ﬁﬁiqt gg%gd%cea&%?EQEE%%ggé§¥¥$%]f¥% the
capaci t ance GEctiwer soppanentat e dlnn1ng of the gas discharge | anp over a
wi de dimmng range is possible. In particular, in the case of the second

exenpl ary enbodlnent of the met hod according ‘}o the jnvention illustrated
in A method for measuring arnd/or evaluating the operating

state of at least one gas discharge lamp (3), which is
operated in particular via an electronic control gear, by
measuring at least one variable corresponding to the lamp
current (i;), characterised in that for the measurement
ahd/or evaluation of the operating state, the active
component of the lamp current (i,) or a variable
corresponding to the active component is determined.

3. A method according to Claim 1 or 2, characterised in
that the active component of the lamp current (i) is the
real component of the lamp current (i,).

4. A method according to one of Claims 1 to 3,
characterised in that the frequency (f) and/or duty factor
(d) of an a.c. voltage source (2) connected to the gas
discharge lamp (3) is changed as a function of the active

component .

5. A method according to one of Claims 1 to 4,
characterised in that the lamp current (i) is measured at
the time at which the lamp wvoltage (u,) has reached its
positive peak value and that the actual value of the lamp
current (I,.,) acquired therefrom is used as regulating

variable.



Figure 2 it is also possible to arrive at the cor r ect—act-ual -val-te I[err]

as regulating variable for the inverter by nmeasuring the |
between the current i[err] and the |l anp vol tage u[erqmuﬂjﬂﬂimnﬂ!mm .
11 A common feature of the nethods illustrated in Fi t hat
al ways only the actual active conponent of f&e | anp current is eval uated

Wth a conplex lanp current this nmeans that only the real conponent of the

amp current §s usgdabos cbhackeguialy A% And ix QPRIAN N0 staje.  Figure 3

is a sinplified block circult f an el'ectronic control gear
accordi ng to ¢hRraaverised WA thats dwrdag @ fwlf dave 9brtheelamp voltage

i mpl errfnt iat i on%,pf tltﬂte %ﬂi&ﬁb@f@%%ﬁﬁgvémgéhéfijBhénlhgl@+ cur 3l 1N Ei% the
circuit elenmepts alrea 0 n Fiqur a device 4 for neasurin e
vol tage u[ er rioERa% h@néuﬁpéﬁl?t#‘ﬁeﬁﬂ%uﬁ%bv‘ﬁwea&é)s@‘? HFTERTREHF RE2Ps
addi tional | y yabwedefl. t Rentaspr edrrentablig) plepastidonal riegnillka imnp vol t age
uferr] is tapﬂggi%§%$een the resistors R4 and R5 and fed to the device 4.

e

As al ready descri with reference to Figure 5, via the shunt resistor Rl
a neasured variable proportional to the lanmp current i[err]

7. A method according to Claim 5 or 6, characterised in
that the lamp current (i,) is measured via a shunt resistor
(R1) connected in series with the gas discharge lamp (3).

8. A method according to one of Claims 5 to 7,
characterised in that the brightness of the gas discharge
lamp (3) is regulated.

9. A method according to one of the preceding claims,
characterised in that the variable corresponding to the
active component of the lamp current (i,) is derived from
‘the actuation of at least one controllable switch of an
electronic control gear which serves to operate the at least
one gas discharge lamp (3).

10. A method according to Claim 9, dharacterised in that
following the switching-on of the at least one controllable
switch of the electronic control gear, the current is
measured at the time of the voltage maximum and is used as
the variable corresponding to the active component of the

lamp current (i.).

11. A method according to Claim 9, characterised in that

between the switching-on and switching-off of the at least
one controllable switch, the mean value of the current is

formed and is used as the variable corresponding to the

active component of the lamp current (i.).



Is tapped and fed to the device 4. On the basis of the ?EEELLEdfsfgﬂHT
characteristics, the device 4 cal cul ates the actual active conpon T
| anp current, i.e. in accordance with the previously desong “N““A
enbodi nment s of t he net hod according to the invention the

cal cul ates the actual value I[err] of the Lanp current I[err]® corrected I n
relation to the capacitive conponent i[err Thi s actual val ue I[err] S

fed to a devige 5 A &leSUPbREE Scbherst! Eﬂféﬁﬁé ﬁBS:Uébn\fﬁ'Uﬁ. e%sac
etern1ne

set poi nt - act ual conparlson wth, a set oi nt value, I
set poi nt val R (4% |digghargentarpn (3t - thPspéePﬁSPﬁFragPﬁaPm@éﬂmﬁﬂﬁﬁﬂﬁ
the frequencyHe amstilosd dabyofdLhgrté Ohet BE thR¥epretedihg ehanged iwitdl der

t | ate the Jbright h di sch lapp 3, Alt tI
novever, it CHIHLS Ha%ETey I 3ba e RER TRevaE dRReuARUALE] BPFPuEa P ARy
the device 4 (B faadlloreduty factoe, i andrwith2a deVicehﬁardmbasmmmagtdhﬁ
uferr] and i [1efd M\:Qééo(@g TRREWiRA 1 ABM G SERT, atc%afﬂa‘?!?ééfsé’cfv' ce

4. Equally, one or seve ot her
ref erence’ vardimihat carfeeierelit) nks chrovidedefer. debprainipde thenactive

actuation ti rRfspor¥nt hef sthé chafp obuthent (i) .

13. An electronic control circuit according to Claim 12,
characterised in that the device (4) for determining the
active component of the lamp current (i,) calculates a
regulating variable, which is a function of the active
component, for the operating behaviour, in particular the
brightness, of the gas discharge lamp.

14. An electronic control circuit according to Claim 13,
characterised in that the regulating variable is the actual
value (I,,.) of the measured lamp current (i,) at the time at
which the lamp voltage (u,) has reached its positive peak

value.

15. An electronic control circuit according to Claim 13,
characterised in that the regulating variable is the actual
value of the arithmetical mean value of the measured lamp
current (i,) during a half wave of the lamp voltage (u;).

16. An electronic control circuit according to one of
Claims 13 to 15, characterised in that the wvariable voltage
source is an inverter (2) and that the regulating variable
can be fed to the inverter (2) either directly or via a
device (5) for the setpoint-actual comparison of the actual

value with a setpoint value.

17. An electronic control circuit according to Claim 16,
characterised in that the frequency (f) and/or duty factor



inverter 2 could also be used as reference variable as the current- and
vol tage characteristic of a given circuit arrangenent is predictable. Thus

cortain Lime interval forlowng the suitoning.on of 1 niIRASIMGAN G I

switch. If the time interval is selected sygh that the durfent neasurénent
takes place at the tinme of the voltage maxi num the neasured current
corresponds tgt her achald n@ett¥e ¢ONPEARNbeOEhhAgeiaEE aUELARtioh! JfS tdeSO
possible to formthe nean val ue of the measured current between the

swi t chi ng- on Z8FP ARG %?§%FP£ﬂ'of the inverter 2. Figures 4a and 4b are
di agrans conparing the known regul ati on nethod with the regul ati on nethod
according tothe | Veé‘%ﬁ%é?? oﬁiQUESnf}%oi' LYSELRECScEBR Al ARP £BOWRe &% 2
function of the value ﬁe parasitic | rne capacitance. It can be seen
that, as al r &idimest?i bedl7: hehahacherdppdt in EBabr ERGedeviggd for

corr espondi n%éébﬁ)\%%i&”@ﬂ@ 156g! ahi-eanfelihod is i gyt degengest ypon.the
| i ne capacitance, ereas the characteristics referenced a and b of the
first and second exenpl ary enbodi nent respectively of the nmethod according
to the invention are virtually independent of the |ine capacitance. It can
al so be seen fromFigure 4b that in the case of the known regul ati on net hod
the operating frequency is distinctly influenced by the Iine capacitance
(conpare characteristic c), while in the case of the nethods according to
the invention an operation which is virtually independent of the Iine
capacitances is possible (conpare characteristics a and b). It should be
noted that the characteristics illustrated in Figures 4a and 4b have been
shown for constant resistance values of the lanp. For |arger |anp

resi stance values it was found that the




characteristics a and b according to the invention are

13 downwardly displaced, while the characteristics ¢ of the known

regul ati on method remai n substantially unchanged. Finally it should be
noted that the regul ation fethods according to the invention are

addi tional | y advant ageous when rapid ignitipgn recognition is to take place.
Such rapid ignition recognition is particularly advantageous when the gas
di scharge lanp is to be dimed in its babghtgegs as rapidly as possible
after its ignition. Especially when a lanp 1s to be started with | ow

bri ghtness, the capacitive current conponent i[err] produced by the
parasitic |i Aemeghad et elettopiobtenttrot sincaiti foer degullatieigies t o

i ncrease the : HREY, t i o] I s gas_ di_schar ge
| anp 1 mredi a?gl%'ﬁg g tng %t%de I g%l?{’l o%r}?oég%lﬁie&gégjrdl{:gghg%ggt%%%,s’u&?g 3 §8s
det ecti on of d&SEhAxEe lampy Mheke s sthacachive resmponentRefi thes laoypc! uded
that the gascdirgehdr gq,) aiB (aedsuecessillldvingRid®thpld, t he known

regul ati on nethod, errors can arise in that the capacitive current
conponent i[err] flows across the capacitive |ine capacitance C7 even when
t he gas di scliBRige BRanp has not




i gni-ted, which could be incorrectly interpreted as the |anp current
produced by the ignition of the gas discharge | anp. As however, by the use
of the regul ation nmethods according to the invention, the neasured actual
value now is virtually independent of the influences of the line
capacitance C7, on the basis of the actual .value of the current across the
resistor RL calculated in accordance h the invention it is possible to
reliably conclude, upon the overshootl g of a precisely definable

t hreshol d, that the gas discharge | anp has successfu i gnited. The

met hod and the control circuit acecording to nvent| on can al so be
applied to the electronic contrai desCri befl in EPF Al -O 338 109
referred to in the introduction, Wjieh congfises an igpition- and heating
capacitor arranged in para%lel to S harge-pa h of
14 the lanp. In spite of The parg B4 fhg capacitor, in
accordance with the jgwention the s an be neasured. The

EP- A1-0 338 109, conpgpe

FIG. 1

Isoll



i'nfluéknces (such as e.g. the environnental tenperature) upon the |anp which
wout d affect the regul ation accuracy, are elimnated by the use of the

i avent i on. In general the invention, and the advantages thereof expl ai ned
in detail in the foregoing, can be applied both to dimmble and to
non- di mmabl e devi'ces. In particular, the device can also be applied to

el ectronic control gears which conpriseZAIternally comut ated i nverters and
whi ch thus require to be regul at ed.

15 Cl ai nms 1. A method for regulating the
operating behaviour of at |east one gas dischérg:
operated in particular via an el ectronic contgol
regulating variable (I[err]), characterised 4 th
(I[err]) is based on the active esnponept~of the
vari abl e corresponding to the acti
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2. .*A nethod for neasuring and/or evaluating the operating state of at

t east one gas discharge lanp (3), which is operated in particular via an

el ectronic control gear, by nmeasuring at |east one variable correspondi ng
to the lanp current (i[err]), characterised in that for the measurenent
and/ or eval uation of the operating state, the active conponent of the |anp
current (i[err]) or a variable correspon@/ﬁg to the active conponent is

det er m ned. 3. A met hod according to Claim1l or 2, characterised in
that the active conponent of the lanp current (i[err]) is the real
conponent of the lanp current (i[err]). 4. =5 A method according to one of
Cainms 1 to 3, characterised in that the fygguency (f) and/or duty factor

(d) of an a.c. voltage source (2) connécteffto € 0 scharge |l anp (3)
is changed as a function of the active~conponent. 55 || A net hod accordi ng
to one of ains 1 to 4, charagterised\in that the | ampYicurrent (i[err]) is
neasured at the tine at which | np voltage JQulerr]) has reached its

positive peak value and that the actyal value ¢ff the lanp current (I[err])
acquired therefromis used as fegurfting vari abie:
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16 _6. A device according to one of Clains 1 to 4, characterised in that
‘during a half wave of the | anp voltage (u[err]) the arithnetic nean val ue
of the lamp current (i[err]) is formed, and that the actual value of the
arithnmetic mean value of the lanmp current (i[err]) is used as regulating
vari abl e. 7. A nethod according to Caim5 or 6, characterised in that
the lanp current (i[err]) is nmeasured Mi/g a shunt resistor (Rl) connected
in series with the gas discharge |amp (3). 8. A nmet hod according to one
of Claims 5 to 7, characterised in that the brightness of the gas discharge
lanp (3) is regulated 9. A nmet hod according to one of the preceding
clainms, characterised in that the variable corresponding to the active
‘conmponent of the lanp current (i[err]) is derived fromthe actuation of at

| east one controllable switch of an elecg ni control gear which serves to
operate the at |east one gas discharge | HS . A et hod accordi ng
to Caim9, characterised in that

LAMP POWER
a
C
/
LINE CAPACITANCE
(pF)
FIG. 4b
OPERATING FREQUENCY
(kHz)‘ )
Cy
*———~_:::::::=-;<=::_——‘-—————'"é:~//b

LINE CAPACITANCE
(pF)



foII@vm ng the switching-on of the at | east one controllable sw-tch of the
el ectronic control gear, the current is neasured at the ti-me of the voltage
maxi num and is used as the variable corresponding to the active conponent
of the lanmp current (i[err]). 11. A method according to Claim9,
characterised in that between the swi t ching-on and sw tching-off of the at
| east one controllable switch, the meanfy/a] ue of the current is formed and
is used as the variable correspondl ng to the active conponent of the |anp
current (if[err]). 17 12. An

el ectronic control circuit for controlling at Ieast one gas discharge | amp
(3), in particular for inplenenting the nethod according to one of the
preceding clainms, with a voltage source (2)i®hich is variable in its output
frequency (f) and/ or duty factor, and with devi-ce for neasuring the | anp
voltage (u[err]) and th Iarrp C Fent «(+ [ ]9 = <char cteris,g;d in that a

device (4) is provided det e; m ni ng the'active coryponent‘-bf the | anmp
current (iferr]). |”_ ~ F _“
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13. .An electronic control circuit according to Caim12, characterised in
that the device (4) for determning the active conponent of the |anmp
current (i[err]) calculates a regulating.variable, which is a function of
the active conponent, for the operating behaviour, in particular the

bri ght ness, of the gas discharge | anp. 14. An el ectronic control circuit
according to C aim 13, characteriseiﬁ/ythat the regulating variable is the
actual value (I[err]) of the measured/lanp current (i[err]) at the tinme at
which the Ianmp voltage (u[err]) has reached its positive peak val ue. 15.
An el ectronic control circuit according to Caim 13, characterised in that
the regulating variable is the actual value of the arithnetical nean val ue
of the measured lanp current (if[err]) duFﬂ@g 6 hal f wave of the | anp
voltage (uf[err]) 16. An elL&¥€rdnic control circuit according to one of
Clainms 13 to 15, characterised in that the variable voltage source is an

inverter (2) and that ing variable can_be fed to the inverter
(2) either directly or via a device (5)] for the setpoint-actlual conpari son
of the actual value with a setpoint valjue. 17. An electroric control
i it di to d ai , tenised in that the f f
;lmrj;:glr dﬁfgo;alctngr o d ai nRJv?encfetPa.'rac | ised in tha RLor(?lperequency ()
| . C7
L
R Wendel 2 ’—.
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LINE 2 L
FIG. 7
LENGTH | = 2m [ = Im [ = 0,5m
CABLE TYPE
_ _ f=100kHz | f=10kHz |f=100kHz| f=10kHz |f=100kHz | f=10kHz
YMM 4x2.5 s1Licon 190pF 94pfF 42pF
YMM 4x2,5 Standard | 217pF | 244pF | 110pF | 124pF | 52pF | 5%F |
YMM 4x1,5 SILICON 190pF 164pF TF |
YMM 4x0,75 Standard 2500F 122pF | 140pF | S7pF | 59pF
YMM 4x1,5 Standard | 233pF | 250pF | 107pF | 117pF 50pF 54pF
4xYe 0,5 135pF | 146pF 60pF 64pF
in TUBE 6,4mm P P P 7P 218pF
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18_16d) of the inverter (2) can be changed as a function of t he regul ating
vari abl e. 18. An electronic control circuit according to one 'of Clains 12
to 17, characterised in that the device for nmeasuring the | anp current

(i[err]) is a shunt resistor (R1).
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