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(57) Abstract: An adaptive boundary wire transmitter (2) is disclosed comprising two bridge coupled power amplifiers (4, 6), a sensing
clement (8), a feedback amplifier (10), a compensation network (14) and an error amplifier (18). The adaptive boundary wire transmitter
(2) is connected to a boundary wire installation, comprising a boundary wire (12) and feeds the boundary wire (12) with a boundary
signal current. By using a feedback amplifier (10) to which the boundary signal current is fed together with the input signal together
with compensation network (14) and an error amplifier (16) it is possible to generate a stable output signal from the adaptive boundary
wire transmitter (2) to the boundary wire that is independent of the boundary wire length.
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ADAPTIVE BOUNDARY WIRE TRANSMITTER

Technical field

[0001] The present invention relates generally to a transmitter for powering a
boundary wire installation used for keeping a robotic lawnmower within an area
surrounded by a boundary wire, and more specifically a transmitter that is adaptive

to properties of the boundary wire installation.

Background art

[0002] In prior art, robotic lawnmowers are generally known. For example, EP
1 025 472 discloses a battery-operated lawnmower having a control unit for
determining the travel direction and speed of the lawnmower. The surface to be
mowed is defined by a border delimitation wire. Two signals with alternating
voltage are applied simultaneously by a signal generator to the border delimitation
wire. These signals are detected by receiving coils in the lawnmower and
evaluated in order to decide if the lawnmower is located within or outside the
border delimitation wire. The quality of these signals is important in order to make
a correct decision regarding the position of the lawnmower. In order to enhance
the quality of these signals one usually performs a calibration where the applied
alternating voltage is adapted to the properties of the border delimitation wire
during installation of the system. Such properties may be length and configuration
of the border delimitation wire. This calibration process may be time-consuming.

[0003] US2016/0014955 discloses a method for operating a self-propelled
lawnmower, which is moved within a surface that is surrounded by a border
delimitation wire. Electrical signals are transmitted in the border delimitation wire
and create an electromagnetic field that is sensed and evaluated by the
lawnmower in order to determine if the lawnmower is inside or outside the surface
encircled by the border delimitation wire. In order to improve the electromagnetic
resistance against interference the electrical signals that are transmitted in the
border delimitation wire are transmitted with a predetermined pattern. This
predetermined pattern, as received by the lawnmower, is compared with a

predetermined reference pattern by evaluating the received signal by means of
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correlation (convolution method). The result of the comparison is used to

determine if the lawnmower is inside or outside the border delimitation wire and to
control the lawnmower accordingly. Also, here the quality of transmitted signals to
the border delimitation wire is important and is highly affected by the properties of
the boundary wire, such as length. The signal may be calibrated when the system

is installed, which is, as mentioned above, time-consuming.

[0004] One way to solve this time-consuming calibration problem is to have
factory settings for fixed length border delimitation wires. However, this is not very
flexible, since the length of the border delimitation needs to be adapted to each
specific installation. Thus, there is a need for a system or a transmitter which is
adaptable to different lengths of boundary wires, without any time-consuming
calibration and which output signals that are readily recognizable by the robotic

lawnmower.

Summary of invention

[0005] An object of the present invention is to provide an adaptive boundary
wire transmitter which adapts the output signal to the properties, such as length, of

boundary wire installation.

[0006] According to one aspect of the present invention this object is achieved
by an adaptive boundary wire transmitter comprising two bridge coupled power
amplifiers, a sensing element, a feedback amplifier, a compensation network and
an error amplifier. The adaptive boundary wire transmitter is connected to a
boundary wire installation, comprising a boundary wire, for feeding the boundary
wire with a boundary signal current. The adaptive boundary wire transmitter is
arranged to feed a positive input of the feedback amplifier with an input voltage
signal, sense, by means of the sensing element, the boundary signal current, error
amplify the sensed boundary signal current by means of the error amplifier, feed
the error amplified boundary signal current to the negative input of the feedback
amplifier, amplify, by means of the two bridge coupled amplifiers, an output signal
from the feedback amplifier, limit the output frequency response of the amplified
output signal from the feedback amplifier by means of the compensation network
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and feed the amplified output signal from the feedback amplifier to the boundary

wire.

[0007] In an exemplary embodiment the compensation network comprises a
resistor connected in parallel with another resistor and a capacitator. In another
embodiment the two bridge coupled amplifiers comprises one positive power

amplifier and one negative power amplifier.

[0008] In another embodiment the boundary wire installation further comprises a
guide wire and a third negative power amplifier is arranged in the adaptive
boundary wire transmitter to feed an amplified output signal from the feedback
amplifier to the guide wire. The adaptive boundary wire transmitter may further
comprise two switches arranged to selectively drive either the boundary wire or the
guide wire by means of each negative power amplifier, respectively. In one
exemplary embodiment the switches are triodes for alternating current. In yet
another embodiment also, the positive power amplifier is provided with a switch,
preferably a triode for alternating current.

[0009] In another exemplary embodiment the boundary wire installation may be
provided with a discharge tube. Preferably there is provided a discharge tube for
each power amplifier.

[0010] By providing an adaptive boundary wire transmitter comprising two
bridge coupled power amplifiers, a sensing element, a feedback amplifier, a
compensation network and an error amplifier a transmitter circuit is created that
controls and adapts the output signal to the boundary wire installation
automatically to different lengths of the boundary wires and guide wires without the
need for time-consuming calibration and with high quality output signals.

Brief description of drawings

[0011] The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

[0012] Fig. 1 a schematic view of a boundary wire installation.
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[0013] Fig. 2 is a schematic view of an adaptive boundary wire transmitter.

[0014] Fig. 3 is a schematic block diagram of an exemplary compensation

network.

[0015] Fig. 4a to 4e are signal diagrams is a schematic block diagram of a

signal generator.

[0016] Fig. 5 is a schematic block diagram of another exemplary adaptive

boundary wire transmitter.

[0017] Fig. 6 is a schematic block diagram block diagram of yet another

exemplary adaptive boundary wire transmitter.

Description of embodiments

[0018] In the following, a detailed description of exemplary embodiments of an
adaptive boundary wire transmitter according to the present invention for will be
presented.

[0019] First a general description of a robotic lawnmower system will be made.
Fig. 1 shows a robotic lawnmower 40 which is arranged move across an area A
surrounded by a boundary wire 12. As is obvious the lawnmower 40 is depicted
somewhat enlarged for the sake of clarity. The boundary wire 12 may be
configured in any way, such that it delimits the area A within which the robotic
lawnmower 40 is allowed to move. The boundary wire 12 is preferably provided
under the ground in the lawn, such that is not visible, but may also be provide on
or above the ground. The boundary wire 12 could be an ordinary copper wire of
single-core type. There are of course also other options, which is well-known by a
person skilled in the art, such as multi stranded wire types. The system also
comprises a signal generator which feeds a transmitter 2 that supplies the
boundary wire 12 with an Alternating Current, AC, signal to be closer described
below. Fig. 1 also discloses a guide wire 20, which the transmitter 2 also may
supply with an AC signal. The purpose of the guide wire 20 is to guide the robotic

lawnmower 40 back to a charging position when a battery of the robotic
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lawnmower 40 needs to be recharged. Using the guide wire 40 instead of the
boundary wire 12 as a return path may shorten the distance and time it takes for

the robotic lawnmower 40 return to its charging position.

[0020] Turning now to Fig. 2, the transmitter 2 will be closer described. The
boundary wire transmitter comprises two bridge coupled power amplifiers 4, 6, a
sensing element 8, a feedback amplifier 10, a compensation network 14 and an
error amplifier 16. As mentioned above, boundary wire transmitter 2 is connected
to a boundary wire installation, comprising the boundary wire 12 and optional also
a guide wire 20.

[0021] The positive input of the feedback amplifier 10 is connected to a signal
generator, which feeds the feedback amplifier 10 with an input voltage signal. The
negative input of the feedback amplifier 10 is fed with a boundary signal current,
which is sensed by means of the sensing element 8 and error amplified by the
error amplifier 16 before it is fed to the feedback ampilifier 10.

[0022] The output signal from the feedback amplifier 10 is amplified, by means
of the two bridge coupled amplifiers 4, 6 and fed to the boundary wire 12. In order
to limit the output frequency response of the amplified output signal from the
feedback amplifier 10 the compensation network 14 is provided between the

output of the feedback amplifier 10 and negative input of the feedback amplifier 10.
In an exemplary embodiment, shown in Fig. 3, the compensation network 14
comprises a resistor R connected in parallel with another resistor R and a
capacitator C. As understood by a person skilled in the art there are also other
possible ways to design a compensation network 14 that limits the output
frequency response.

[0023] The two bridge coupled amplifiers comprise one positive power amplifier
4 and one negative power amplifier 6. Which one of the two bridge coupled
amplifier 4, 6 is negative and positive is not important in order to achieve the result,
but that they are different. Thus, in one embodiment the power amplifier 4 is the
negative and power amplifier 6 is the positive. In such a case the polarity of the
feedback amplifier 10 also needs to change. Having a boundary wire transmitter 2
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with a configuration as shown in Fig. 2 makes it possible to accomplish a boundary
transmitter that is adaptive to the length of the boundary wire 12 and/or the guide
wire 20. Thus, this solution makes the installation of the robotic lawnmower system
very efficient, since there is no need for calibrating the system, since the

transmitter is an adaptive boundary wire transmitter 2.

[0024] Turning now to Fig. 4a — Fig. 4e the benefits of the adaptive boundary
transmitter 2 will become readily apparent. Fig. 4a shows the input signal to the

positive input of the feedback amplifier 10, having a square wave like shape.

[0025]  This input signal to the adaptive boundary wire transmitter 2 will turn up
as an output signal on the positive power amplifier 4 as shown in Fig. 4b and as
an output signal on the negative power amplifier 6 as shown Fig. 4c. These two
output signals will together form the output signal from the adaptive boundary wire
transmitter 2 to the boundary wire 12, as is shown in Fig. 4d. As can be seen in
Fig. 4d the output signal from the adaptive boundary system is of high quality and
does not deviate so much from the signal that was inputted to the positive input of
the feedback amplifier 10. If this outputted signal to the boundary wire 12 is
compared to the output signal on the boundary wire in a prior art installation, as
shown in Fig. 4e. the deterioration of the output signal can be clearly seen. Thus,
using the adaptive boundary wire transmitter 2 according to the present invention
is very advantageous when creating a stable and recognizable signal on a
boundary wire 12.

[0026] Turning now to Fig. 5, another embodiment of the adaptive boundary
wire transmitter 2 will be described. This embodiment is suitable for boundary wire
installations comprising a guide wire 20 and a third negative power amplifier 17 is
arranged to feed an amplified output signal from the feedback amplifier 10 to the
guide wire 20. Furthermore, Fig. 5 shows that the adaptive boundary wire
transmitter 2 comprises two switches 18, 19 arranged to selectively drive either the
boundary wire 12 or the guide wire 20 by means of each negative power amplifier
6, 17, respectively. The switches 18, 19 may be transistors that are switched on

one at a time in order to either drive the boundary wire 12 or the guide wire 20.



WO 2019/227269 PCT/CN2018/088631

Alternatively, the switches 18, 19 may also be triodes for alternating current,
TRIACs.

[0027] Turning now to Fig. 6 yet another embodiment of the boundary wire
transmitter 2 will be described. The boundary wire transmitter 2 according to Fig. 6
further comprises an additional TRIAC 21 provided at the output of the positive
power amplifier 4. The advantage of using TRIACs is that they resist high voltages
on power amplifier 4, 6, 17 outputs. This will make the adaptive boundary wire
transmitter 2 much more resistant against lightning strikes. Preferably, the
adaptive boundary wire transmitter 2 also comprises discharge tubes 22, 23, 24
arranged at the output of the power amplifiers to further increase the resistance
against lightning strikes.

[0028] Although, the present invention has been described above with reference
to specific embodiments, it is not intended to be limited to the specific form set
forth herein. Rather, the invention is limited only by the accompanying claims. For
example, as mentioned above, polarity of the amplifiers may be reversed with

each other without departing from the scope.

[0029] In the claims, the term “comprises/comprising” does not exclude the
presence of other elements or steps. Furthermore, although individually listed, a
plurality of means or elements may be implemented by e.g. a single unit or
processor. Additionally, although individual features may be included in different
claims, these may possibly advantageously be combined, and the inclusion in
different claims does not imply that a combination of features is not feasible and/or
advantageous. In addition, singular references do not exclude a plurality. The
terms “a”, “an’, “first”, “second” etc do not preclude a plurality. Reference signs in
the claims are provided merely as a clarifying example and shall not be construed

as limiting the scope of the claims in any way.
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CLAIMS

1. An adaptive boundary wire transmitter (2) comprising two bridge coupled
power amplifiers (4, 6), a sensing element (8), a feedback amplifier (10), a
compensation network (14) and an error amplifier (16), the adaptive boundary wire
transmitter (2) being connected to a boundary wire installation, comprising a
boundary wire (12), for feeding the boundary wire (12) with a boundary signal
current and wherein the adaptive boundary wire transmitter (2) is arranged to:

feed a positive input of the feedback amplifier (10) with an input voltage signal,
sense, by means of the sensing element (8), the boundary signal current,

error amplify the sensed boundary signal current by means of the error amplifier
(16),

feed the error amplified boundary signal current to the negative input of the

feedback amplifier (10),

amplify, by means of the two bridge coupled amplifiers (4, 6), an output signal

from the feedback amplifier (10),

limit the output frequency response of the amplified output signal from the
feedback amplifier (10) by means of the compensation network (14), and

feed the amplified output signal from the feedback amplifier (10) to the

boundary wire (12).

2. The adaptive boundary wire transmitter (2) according to claim 2, wherein
the compensation network (14) comprises a resistor (R) connected in parallel with

another resistor (R) and a capacitator (C).

3. The adaptive boundary wire transmitter (2) according to claim 1 or 2,
wherein the two bridge coupled amplifiers comprises one positive power amplifier
(4) and one negative power amplifier (6).
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4. The adaptive boundary wire transmitter (2) according to any of claims 1 to
3, wherein the boundary wire installation further comprises a guide wire (20) and
wherein a third negative power amplifier (17) is arranged to feed an amplified
output signal from the feedback amplifier (10) to the guide wire (20).

5. The adaptive boundary wire transmitter (2) according to claim 4, further
comprising two switches (18, 19) arranged to selectively drive either the boundary
wire (12) or the guide wire (20) by means of each negative power amplifier (6, 17),

respectively.

6. The adaptive boundary wire transmitter (2) according to claim 5, wherein
the switches (18, 19) are triodes for alternating current.

7. The adaptive boundary wire transmitter (2) according to any of claims 3 to
6, wherein also the positive power amplifier (4) is provided with a switch (21),
preferably a triode for alternating current.

8. The adaptive boundary wire transmitter (2) according to any of claims 4 to
7, wherein the boundary wire installation is provided with a discharge tube (22; 23;
24).

9. The adaptive boundary wire transmitter (2) according to claim 8, wherein a

discharge tube (22, 23, 24) is provided for each power amplifier (4, 6, 17).
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