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The invention relates to an adaptive controlling
method for controlling energy supplied by an 6 5w - -
electrical source to a resonance tank that is ~ " e
connectable to an electric load. The method
comprises the step of determining an energy
amount to be supplied to the tank, based on
information of energy in the resonance tank.

H
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Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Title: An adaptive controlling method, an adaptive controller and a
computer program product

The invention relates to an adaptive controlling method for
controlling energy supplied by an electrical source to a resonance tank
connectable to an electric load.

A resonant tank includes at least one inductance and at least one
capacitance so that electrical energy can be stored in the tank. In certain
applications a resonance tank can be used as an intermediate electrical energy
reservoir that is fed by a particular electrical source and that might be loaded
by a varying electrical load.

Since the signal behavior of the electrical source and a desired
electrical behavior at the electrical load side typically do not coincide with the
electrical signals in the resonant tank, an input converter and an output
converter is interconnected between the resonant tank on one side, and the
source and the load on the other side, respectively. The converter is arranged
for transforming the frequency of the signal as well as controlling a desired
amplitude at the load, so that an electrical load such as a domestic appliance
may function properly. Thereto, in prior art systems, a voltage at the load 1s
controlled, so that a variety of load impedances can be coupled to the
resonance tank while maintaining voltage requirements.

It 1s an object of the invention to improve an adaptive controlling
method for controlling energy supplied by an electrical source to a resonance
tank connectable to an electric load. Thereto, the method according to the
ivention further comprises the step of determining an energy amount to be
supplied based on information of energy in the resonance tank.

The invention is at least partially based on the insight that voltage
controlled converters are not optimal from an energetic point of view. An

accurate study of such a system reveals that in general more energy 1s
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supplied to the resonance tank than is needed in a particular situation,
thereby causing more copper losses in the tank than would be necessary.

The invention is further at least partly based on the insight that
energy information of the resonance tank includes in principle all information
regarding matching the source and the one or multiple number of electrical
loads.

It appears that, by determining an energy amount to be supplied to
the tank, based on information of energy in the resonance tank, a more
efficient control of energy to the tank and the load can be obtained, thus
leading to an energy supply system having an improved performance from an
energetic point of view. As a consequence, components and materials used in
the chain from the source to the load are optimally used.

According to an embodiment according to the invention, a buffer
component of the resonance tank energy is controlled to remain strictly
positive, so that the tank always contains enough energy to supply the
electrical loads connected to it. As an alternative, the buffer component of the
tank energy is allowed to become negative temporarily, thus achieving a very
energy efficient scheme. However, energy requirements at the load side are
then weakened.

According to a further embodiment according to the invention, a
buffer component of the resonance tank energy is minimized in the controlling
process, so that an excess of energy in the resonance tank 1s counteracted, thus
providing an energy efficient system.

Further, the invention relates to an adaptive controller.

The invention also relates to a computer program product. A
computer program product may comprise a set of computer executable
mstructions stored on a data carrier, such as a CD or a DVD. The set of
computer executable instructions, which allow a programmable computer to
carry out the method as defined above, may also be available for downloading

from a remote server, for example via the Internet.
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Other advantageous embodiments according to the invention are
described in the following claims.

By way of example only, an embodiment of the present invention
will now be described with reference to the accompanying figures in which

Fig. 1 shows a schematic perspective view of an electric supply
network according to the invention,;

Fig. 2 shows a schematic view of a part of the electric supply
network of Fig. 1;

Fig. 3 shows a simple electric scheme of the partial electric supply
network of Fig. 2;

Fig. 4 shows a more detailed electric scheme of the partial electric
supply network of Fig. 2;

Fig. 5 shows an inductive connection of a load to the electric supply
network of Fig. 1;

Fig. 6 shows a number of energy plots; and

Fig. 7 shows a flow chart of a method according to the invention.

The figures are merely schematic views of a preferred embodiment
according to the invention. In the figures, the same reference numbers refer to
equal or corresponding parts.

Figure 1 shows a schematic perspective view of an electric supply
network 1 arranged in a rectangular shaped chamber 2. Via a monitoring
element 4 the network 1 i1s connected to a grid point 3 of a public electric power
supply system. From the monitoring element 4, a mains line extends towards
the chamber 2. The mains line includes distribution points 5, 6 branching off
electric supply lines 7, 8 that are located near the floor and the ceiling
respectively. Electric loads, such as domestic electrical appliances, can be
connected to the electric supply lines 7, 8 in an inductive manner, as explained
in more detail below.

Figure 2 shows a schematic view of a part 9 of the electric supply

network 1. Here, a distribution point 5 1s connected to an electric supply line 7
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at the floor of the chamber 2. The distribution point 5 includes a capacitor that
1s arranged in series with the electric supply line 7. The electric supply line 7
1s formed as an electrically conducting wire in a closed loop, so that the line 7
and the capacitor form a resonance circuit, also called LC-circuit or resonance
tank. The distribution point 5 also includes a converter for converting
electrical energy from the electrical source, e.g. a harmonic 50 Hz signal, into
electrical energy having a central frequency at the resonance frequency of the
resonance tank. The converter comprises an adaptive controller according to
the invention for controlling energy supplied by an electrical source, viz. from
the grid point 3, to the resonance tank connectable to an electric load.

In order to connect an electrical load to the electric supply line 7, a
magnetic ferrite kernel 10a-c can be shifted around a section of the electric
supply line 7 that forms a primary coil. Through the opening of the magnetic
ferrite kernel 10a-c also a secondary coil 11a-c extends so that a transformer
element 1s formed. The secondary coil 11a-c 1s connected to an output converter
12a-c for converting the resonance signal to a harmonic signal that is suitable
for powering the electrical load 13a-c, viz. a 230 V, 50 Hz signal. Since the
electrical load 13a-c 1s inductively connected, there 1s no danger for an
electrical short cut.

Figure 3 shows a simple electric scheme of the partial electric supply
network 9. Here, the resonant power converter including the controller for
controlling electrical energy supplied to the resonance tank is represented by a
controlled electrical source 14. Further, the capacitor C,, included in the grid
point 5, 1s shown as well as the inductor L, representing the coil 7. The
resonance tank C,, L, 1s connected in series with electrical loads 13a-b.
Obviously, also another number of electrical loads might be connected to the
resonance tank, e.g. a single load or three loads.

Figure 4 shows a more detailed electric scheme of the partial electric
supply network 9. The inductance representing the electric supply line is

replaced by a more complex inductor circuit 7 while the controlled electrical
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source 14 is separated in an electrical source 14a and a converter including a
switching stage 14b and the controller for controlling the energy supplied to
the resonance tank. The switching stage 14b 1s interconnected between
terminals of the electrical source 14a and the resonance tank, respectively. The
controller drives switching stage 14b switching elements, e.g. semiconductor
switches, preferably high power MOSFET switches. At the load side, the
output converter 12a-b includes a switching stage that is controlled to generate
a desired electrical signal from the resonance signal in the resonance tank.
The secondary coil 11a is inductively connected to the primary coil via a
magnetic coupling 15.

Figure 5 shows an exemplary inductive connection of a load to the
electric supply network 1. Advantageously, the coil of the electric supply line 7
has an elongated structure such that an offset between electrically conducting
elements of the coil is small with respect to the length of said conducting
elements, so that magnetic fields by the individual electrically conducting
elements mutually substantially cancel. In the shown embodiment in Fig. 5, a
first section 22 of the coil including conducting elements wherein, during use,
electrical currents flow in a particular direction 20, surround a second section
23 of the coil including conducting elements wherein electrical currents flow in
an opposite direction 21. By arranging the coil in such a way, a first section 22
of conducting elements or wires surround a second section 21 of conducting
elements or wires, and a net magnetic field outside the electric supply line 7
substantially vanish. Further, the electric supply line 7 can be split, e.g. by
using a clamp, at least locally, so that the inner section 21 of conducting
elements or wires can be pulled locally out of the surrounding outer section 22
of elements. The magnetic ferrite kernel 10 can than be moved between the
first and second section of the primary coil, so that the magnetic field can be

coupled to the secondary coil 11.
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During operation of the adaptive controller according to the
invention, information of energy in the resonance tank is used as a basis for
determining an energy amount to be supplied to the resonance tank.

Figure 6 shows a number of energy plots associated with energy in
the resonance tank as a function of time. The upper left plot shows the
inductive energy Ei: as a function of time t. Similarly, the upper right plot
shows the capacitive energy Ecr as a function of time t. The lower left plot
shows the total energy (inductive energy Ei, and capacitive energy Ecr) as a
function of time. As expected, the total energy is mainly constant meeting an
1deal situation wherein the amount of energy that is input to the resonance
tank is equal to the energy that is output to the loads. Due to a disturbance
with respect to the 1deal situation, a harmonic ripple 1s present in the total
energy. The lower right plot shows the energy Ein (dashed line) that i1s input to
the tank and the energy Eou (solid line) that is output from the tank.

It 1is noted that the ripple in the total energy is associated with an
instantaneous buffer component of the resonance tank energy. In the process
of controlling an amount of energy to be supplied to the tank, the
mstantaneous buffer component might be set strictly positive while the
component 1s also minimized.

Advantageously, a filtered increase of resonance tank energy is
integrated and subsequently controlled to a value depending on energy
supplied to the resonance tank. As an example, said value might be related to
the supplied energy 1n a linear or quadratic way. Depending on a particular
application, a proper relation of said value with the supplied energy can be
established. Further, the time scale of the filtering process 1s then different,
preferably larger than the time scale of the integrating process, so that a
filtered increase of the instantaneous energy buffer component 1s integrated
and related to said value depending on energy supplied to the resonance tank.

Resonance tank energy information can be determined by measuring

at least one physical parameter associated with the resonance tank.
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A control objective, such as relating a filtered increase of resonance
tank information to a value depending on energy supplied to the resonance
tank, can be implemented in various ways, e.g. depending on the converter
type and switch stage type. As an example, pulse width modulation (PWM),
phase-shift modulation (PSM) or frequency modulation (FM) can be employed.
Also a combination is possible. As a further example, a quantum conversion
(QC) modulation method can be used wherein the modulation is controlled
synchronous with the resonance frequency of the resonance tank.

Further, different control algorithms can be applied, both linear and
non-linear. As an example, a controller based on sliding-mode control theory 1s
explained in more detail below. In order to arrive at a specific controlling
method, one or more control objects have to be rewritten as a valid sliding
surface.

A key observation 1s that the tank transfers energy from one
quantum period to the next, although each of the tank components discharges
completely during a (quantum) period. Next important observation 1is the fact
that the resonant inductor L can not transfet energy between periods, because
by definition a consecutive period starts with zero current, and therefore with

an energetic empty resonant inductor. The buffer energy is rewritten into (3).

.[AELc(t)dt =By = _([[Vr 1, +|:ir/'/j;’:| }ﬁ = V_rz (3)

The right-hand side of (1) is provided in (4).

E, =0"E, @)

The input sliding surface — related to the input converter — then follows in (5)

as the difference of equations (3) and (4).
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Sz'nput = . Vr Sgn(lr )lr —Q ' < Vz'n Sgn(lr )Zr (5)
s+® +®

c S c

The purpose of (5) 1s to become zero, which implies that (5) can be divided by

the average of i.

. ©, ,
Sinpuz = < V}, Sgn(l},) - o .Vz'n Sgn(lr) (6)
s+ s+

c c

While surface (6) 1s the basic sliding surface, a rewritten form 1s better suited
for mathematical analysis. First step 1s to rewrite the second right hand term

1n (6) into (7).

v, Sgn(i,) =V, u (7)

in"p

In (7), the DC input voltage 1s denoted Vi» and the control input is denoted by

up. The left term 1s rewritten by noting that

C

s+

c

v, sgn(i)=~C-i, (8)

where C1s a constant dependent on the resonant capacitor value and the

2
angular resonant frequency: C==—-o,-C,.
T

The motivation behind the (close) approximation (8) 1s that applying
the low-pass filter onv, sgn(i ) is equivalent to the average of i (up to the
constant C), when accepting the loss of phase information between voltage and
current. Though, one of the strengths of quantum conversion i1s that phase

information is not used at all, because switching occurs only at zero resonant
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current. If for example the control method would be applied to a different
conversion method than quantum conversion (e.g., PWM or FM, see previous
paragraph), (8) would not be true.

Substitution of (7) and (8) in sliding surface (6) leads to the
rewritten sliding surface (9). Note that phase information 1s also discarded

from the second right hand term by only using the magnitude of the filter.

(DC

S =i —o'|——|—=~
s+,

)

Interpreting (9), the first right hand side term represents the buffer
energy in the resonant tank when it 1s multiplied by the resonant current. The
second term represents a fraction o of the supplied energy, when also
multiplied by the resonant current. Note that both terms originally contained
the same resonant current factor 1, which has been left out of the equation,
but the energetic origin of the terms 1s still clear.

The intuitive reason that (9) ‘works’ is that the supplied energy
reacts little more slowly than the buffer tank energy. For example, adopting
the common control law (10), it is clear that the buffer will grow faster than

the average supplied energy when Sp>0 and as a result Sy becomes <0, and

vice versa.
1, Sp >0

u,= (10)
0, S,<0

In the following a formal proof of the validness of (candidate) sliding
surface (9) is provided. In sliding-mode control theory the following 3
conditions must be formally met to guarantee stable closed-loop operation:

Reaching condition, Existence condition and Stability condition.
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Reaching considers the fact that the control law must assure to
reach the sliding surface (in finite time) starting from all possible initial states.
Existence means that the system dynamics must be able to stay at the sliding
surface once it 1s reached. The stability condition considers internal stability of
the closed-loop system. Sliding mode control design effectively linearizes the
non-linear plant system, but those invisible reminiscent terms must be
checked on stability also.

We start with forming the closed-loop system dynamics with the
help of the sliding surfaces. First step 1s to put S; equal to zero. Rewriting (9)
with S;=0 results in (11).

oo, =(s+,)i = dl{ +0,7, (11)

Substituting for CZ’

in (11) in the averaged state-space model (i.e., (0a) and

(Ob)) leads to the following expression for up in (12). The terms usj denote the

control variables of the output switching bridges.

2 m
T s vo're -
—_ Py n
Up = P . (12)
T
v, ——. Lo

I

Substituting (12) in (0a) leads to a linear first-order differential expression in

ff, which 1s given in (13). [Intermediate steps to arrive at this equation are

given in Appendix 1].

Tor

di, _ 20,
dt T’

- 1 dvoz're Vj're "
OCZ{EngT;f"‘j—f]_(Vﬁ”rO‘)lf] (13)
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Equation (13) contains the entire dynamics of the closed-loop system.
Consulting linear system analysis, stability of the linear system 1s assured

when

—(v,—ra)<0 and #>0.

T
vV, = Tmcha

Rewriting the latter equations leads to the stability condition for o in (14).

o, < min &,ZL (14)
rT
oL
4

This shows the upper bound ofa for which the system is stable. Result of

choosinga larger than the bound in (14) is an unlimited increase of stored

energy in the primary circuit. There 1s no lower bound from a stability point of

view, because we look from the primary side (assuming the secondary side

dynamics being situated at the sliding surface) and the system will converge to

zero-power throughput in the worst case. See Fig. x2 for an illustration.
The existence conditions will put a lower bound fora , in order to
assure stable regime; enough input power to supply the secondary sides.

For the outputs the existence conditions are straightforward:

. dvojref .
-l<u, <1 — i >max;, |C,——+i, (15)
dt /

Condition (15) simply states that the input current must be larger than load

current plus the current through the output filter capacitor.
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The input existence condition is the most interesting one. The conditions follow
from the fact that the equivalent input control parameter must be between 0

and 1: O<u,, <I.

Setting the equivalent input larger than 0 leads to (16).

cr

r > %a) L (16)

Note that in (16) the radial frequency is the cut-off frequency of the low-pass
filter and not the resonant frequency. Equation (16) reflects the idea that the
‘filtered’ impedance of the averaged resonant tank must be smaller than the
loss resistance in order to have enough real damping. In other words, the
resonant tank must be able to release its energy fast enough.

The remaining condition, u, . <1, reveals when the buffer-energy

percentage in the resonant tank is enough to assure local stability.

Substituting for u, . the expression in (12) and rewriting, the final condition

follows 1n (17).

2 —_— | —
[vl. +n—o)ch L, ]ir >
4
(17)

— 2 _ o d Y
ri+=—.Lo i +) ~C,—2L 4+ 2%
4 =2 dt r,

Expression (17) has the structure of an energy balance. On the right hand side,
‘loss’ terms are present. To be precise, from left to right: copper loss energy,
virtual resonant tank energy, filter capacitor energy and load energy. The
‘virtual’ energy will be explained shortly. On the left hand side of (17) source
terms are present. The left-most term 1is clearly the averaged input energy,

while the right term represents the averaged stored resonant tank energy.



10

15

20

13

The virtual energy term witha turns out to be a safety measure. It
represents the dynamics of the resonant tank in essence. The momentary
resonant tank energy can not be viewed as a term completely available (to
compensate instantaneously) for the loss energies, because when the tank 1s
empty 1t must be charged, before it can transfer energy again.

The control parameter o is a function of Z(and vice versa) through
the sliding surface and the state-space dynamics. The only problem to advance

further into an explicit condition for o is that i is a function of its own

derivative; see (13). The resulting first order differential equation 1s difficult to
solve analytically, due to the non-homogeneous sinusoidal output terms.

The following simplification is justified by the fact that interest is in
a (rough) design guidance value fora ; in practice the value for o will be tuned
by observation. Returning to expression (13), the simplification consists of

assuming zero ripple in 1,(t), which makes the left hand side of (13) equal to O.

Rewriting (13) results in an approximate expression for Zas a function of o :

(18)

d 2 V2
In (18), P replaces%Coj T;f+’—f Substitution of (18) in (17) and

7o

rearranging terms leads to design condition (19).

1
2 m 5
V- Lo ¢ Y P |>
4 Vl—l"OC j=1 Y
2 m m
T o
[rr T O J{ L7 ]+ZPoj

(19)

V —I"OC i=1 j:1

i v J=

In the following the previous design conditions are applied to a design
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example. Table 1 shows values for the parameters as introduced in Fig. 4.

Table I

Parameter values for two-clamp cable prototype as referred to in Fig. 4

Symbol QUANTITY Value

Vi mput DC voltage 600 [V]
L: input side leakage inductance 40 [uH]
rr peak value of flux linkage 2 []

Tol, To2 output load resistances 240 [Q]
o, radial resonant frequency 100k [Hz]
Uol, Vo2 required output voltages 240 [V]
Po1, Po required output powers 240 [W]

n number of clamps 2

Stability 1s assured when (14) applies:

O < min 600 , 600 =97

752
7275-105-40-10_6

The sliding surface for the output exists if (15) holds, where expression (18) is

substituted for i :

1/L480 >l—-o>124
600 - 20
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The input sliding surface exists if (19) holds:

1
X !
(600—%% 10°-40-10°° -, Iﬂ]z >

600-2a 50.8<a<9.7
2
2 or10°-40-10° | —*80% )4 4g0
4 600— 20,

Combining the previous conditions, the design solution gives:

124<0 <9.7 (20)

Whereasao represents the fraction of the input energy that is used for the
buffer energy in the tank, the best (i.e., most energy efficient) solution fora is
the minimum allowed value in (20).

Figure 7 shows a flow chart of an embodiment of the method
according to the invention. An adaptive controlling method 1is used for
controlling energy supplied by an electrical source to a resonance tank
connectable to an electric load. The method comprises the step 100 of
determining an energy amount to be supplied based on information of energy
in the resonance tank.

The adaptive controlling method for controlling energy supplied by
an electrical source to a resonance tank connectable to an electric load can be
performed using dedicated hardware structures, such as FPGA and/or ASIC
components. Otherwise, the method can also at least partially be performed
using a computer program product comprising instructions for causing a
processor of the computer system to perform the above described one or more
steps of the method according to the invention. All steps can in principle be
performed on a single processor. However it 1s noted that at least one step can
be performed on a separate processor, e.g. the step of minimizing a buffer

component of the resonance tank energy.
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The invention is not restricted to the embodiments described herein.
It will be understood that many variants are possible.

It 1s noted that the electric supply network according to the
invention might in principle be arranged in building rooms having an arbitrary
room geometry, such as in a house or in an office.

It 1s further noted that the resonance tank can be formed otherwise,
e.g. as a capacitor arranged in parallel with the coil of the electric supply line.
Further, the electrical loads might be arranged in parallel with the resonance
tank.

The resonance tank can not only be implemented as a first order LC-
circuit but also as a higher order circuit including more than two reactive
elements.

It 1s also noted that, as an alternative to an inductive connection,
one or more electrical loads might be connected to the resonance tank by using
an electrically conducting connection without eliminating the operation of the
adaptive controller according to the invention.

Other such variants will be obvious for the person skilled in the art
and are considered to lie within the scope of the invention as formulated in the

following claims.
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Conclusies

1. Adaptieve regelwerkwijze voor het regelen van energie die wordt
toegevoerd door een elektrische bron aan een resonantietank die kan worden
aangesloten op een elektrische belasting, waarbij de werkwijze de stap omvat
van het bepalen van een energiehoeveelheid die moet worden toegevoerd,
gebaseerd op informatie van energie in de resonantietank.

2. Adaptieve regelwerkwijze volgens conclusie 1, waarbij een
buffercomponent van de resonantietank-energie wordt geregeld om strikt positief
te blijven.

3. Adaptieve regelwerkwijze volgens conclusie 2, waarbij de
buffercomponent van de resonantietank-energie in het regelproces wordt
geminimaliseerd.

4, Adaptieve regelwerkwijze volgens één der voorgaande conclusies 1-3,
waarbij een gefilterde toename van resonantietank-energie wordt geintegreerd
en vervolgens wordt geregeld naar een waarde die athangt van naar de
resonantietank toegevoerde energie.

5. Adaptieve regelwerkwijze volgens conclusie 4, waarbij de tijdschaal
van het filter- en integratieproces verschillend is.

6. Adaptieve regelwerkwijze volgens conclusie 4 of 5, waarbi) de waarde
die afhangt van de toegevoerde energie op een lineaire of kwadratische manier
daaraan gerelateerd is.

7. Adaptieve regelwerkwijze volgens één der voorgaande conclusies,
voorts omvattende het meten van tenminste één fysische parameter voor het
bepalen van energie-informatie van de resonantietank.

8. Adaptieve regelaar voor het regelen van energie die wordt toegevoerd
door een elektrische bron aan een resonantietank die kan worden aangesloten op
een elektrische belasting, waarbij, waarbij de regelaar is ingericht voor het
bepalen van een energiehoeveelheid die moet worden toegevoerd, gebaseerd op

informatie van energie in de resonantietank.
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9. Adaptieve regelaar volgens conclusie 8, waarbij de regelaar is ingericht
voor het besturen van een schakelbank die tussen aansluitpunten van de
elektrische bron en de resonantietank is aangesloten.

10. Elektrisch toevoernetwerk, omvattende een adaptieve regelaar volgens
conclusie 9, en de daarop aangesloten resonantietank.

11. Elektrisch toevoernetwerk volgens conclusie 10, waarbij de
resonantietank een LC-circuit omvat.

12. Elektrisch toevoernetwerk volgens conclusie 10 of 11, waarbij een
spoel van het LC-circuit inductief koppelbaar is met de elektrische belasting.

13. Elektrisch toevoernetwerk volgens conclusie 12, waarbij de spoel
inductief koppelbaar is een meervoudig aantal elektrische belastingen.

14. Adaptieve regelaar volgens conclusie 12 of 13, waarbij de spoel een
langwerpige structuur heeft zodat een afstand tussen elektrisch geleidbare
elementen van de spoel klein is ten opzichte van de lengte van de geleidende
elementen.

15. Computer programma product voor het regelen van energie die wordt
toegevoerd door een elektrische bron aan een resonantietank die kan worden
aangesloten op een elektrische belasting, waarbij het computer programma
product voor een computer leesbare code omvat om een processor de stap te laten
uitvoeren van het bepalen van een energiehoeveelheid die moet worden

toegevoerd, gebaseerd op informatie van energie in de resonantietank.
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Application number

WRITTEN OPINION NL2003450

Box No.| Basis of this opinion

1. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

2. With regard to any nucleotide and/or amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
O v table(s) relateq to the sequence listing

b. formaf of méteriél: |
O  on paper
O in electronic form

c. time of filingfurnishing:
O contained in the application as filed.
O filed together with the application in electronic form.
0 furnished subsequently for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andfor table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

‘4. Additional comments:

NL237B (July 2006)



Application number

WRITTEN OPINION NL2003450

Box No. lll Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step, or to be
industrially applicable have not been examined in respect of

[

the entire application

O claims Nos. 1-15

because:

0 the said application, or the said claims Nos.  relate to the following subject matter which does not require
a search (specify):

X the description, claims or drawings (indicate particular elements below) or said claims Nos. 1-15 are so
unclear that no meaningful opinion could be formed (specify):
see separate sheet

& the claims, or said claims Nos. 1-15 are so inadequately supported by the description that no meaningful
opinion could be formed (specify):
see separate sheet

-0 no search report has been established for the whole application or for said claims Nos.

O a meaningful opinion could not be formed as the sequence listing was either not available, or was not
furnished in the international format (WIPO ST25).

0O a meaningful opinion could not be formed without the tables _related to the seduence listings; or such tables

were not available in electronic form.

See Supplemental Box for further details.

Box No. VIl Certain observations on the application

see separate sheet

NL2378 (July 2006)
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Re Item lll

Non-establishment of opinion with regard to novelty, inventive step and
industrial applicability -

1 Independent claims 1, 8 and 15 do not meet the requirement of clarity
because the matter for which protection is sought is not clearly defined. The
claim attempts to define the subject-matter in terms of the result to be
achieved, which merely amounts to a statement of the underlying problem
(determining an energy amount to be supplied based on information of energy
in the resonant tank), without providing the technical features necessary for

. achieving this result. :

In fact, the determination of the energy' amount to be supplied to the load is
merely defined by its non-specified dependency on a non-specified
information of energy in the resonant tank and therefore amounts to a mere

- desideratum rather than stating in clear and concise manner the technical
features necessary to define the subject-matter for which protection is sought.

2 Independently of the above reasoning, claims 1-15 are not supported by the
description, as its scope is broader than justified by the descriptiori and
drawings. ' '

In particular, independent claims 1, 8 and 15 broadly define the above-
mentioned feature in terms of an allowable desideratum.

However, the description and drawings convey the impression that this feature
can only be carried out in a particular way, namely by means of equations (1)
to (20), and no alternative means are envisaged.

Hence, claims 1, 8 and 15 are not supported by the description. The
remaining dependent claims similarly contravene the requirement of clarity
and support by the description.

3 Moreover, it is clear from the what is stated or implied in the description, that
the features corresponding to equations (1)-(20) are essential to the definition
of the invention. Since independent claims 1, 8 and 15 do not contain these
features, they do not meet the requirement of clarity that any independent
claim must contain all the technical features essential to the definition of the
invention.

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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4 The vague and imprecise statement in the description on page 16, lines
17-19, implies that the subject-matter for which protection is sought may be
different to that defined by the claims, thereby resulting in lack of clarity when
used to interpret them.

5 In view of the above unclarities, it is not at present practicable to carry out a
full examination of the application particularly regarding novelty and inventive
step.

6 However, the attention of the applicant is drawn to the fact that, in view of their

broad formulation, the subject-matter of claims 1 and 8 is deprived of novelty
by any of the documents cited in the search report, each showing a control
method for a resonant converter, wherein control is carried out at least based
on information of energy in the resonant tank (e.g. resonant current).

Re ltem VI

Certain observations on the application

7 The passége at page'10, lines 21-22 of the description mentions an "Appendix
1" which does not exist or at least does not form part the application
documents as originally filed.
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