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second material (5) are distributed throughout said housing (2) such that radio-frequency signals propagating at one or more predefined
propagation angle(s) are reflected by said first material (4) and radio-frequency signals propagating at other angles are absorbed by said
second material (5). The housing and chamber form a radio-frequency anechoic chamber comprising radio-frequency reflectors. The
radio-frequency device (11) may for example be a radar, a mobile phone, a mobile terminal, or a standalone antenna.
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CALIBRATION AND TESTING APPARATUS FOR RADIO-FREQUENCY DEVICES

TECHNICAL FIELD

The disclosure relates to a calibration and testing apparatus for radio-frequency devices, the

calibration and testing apparatus comprising a housing.

BACKGROUND

Radio-frequency devices such as radars have to be calibrated and tested while in the production

line.

A radio-frequency signal is emitted by the radar under test (RUT) and the signal travels to a
corner reflector, representing a target, and back. Thereafter, the RUT resolves the distance to
the reflector and its angular position. The obtained data can be compared with the real distance

and angular position of the reflector, and calibration coefficients can be calculated.

Usually, radar calibration and testing is done in an anechoic chamber which is a large and
expensive structure unsuitable for use in a production line. The RUT is placed on a turntable
that is rotated, and the angular position relative the reflector as well the distance to the reflector,
i.e. target, are measured. When hundreds of points are to be calibrated, the overall testing time

becomes unacceptably high for production lines.

The anechoic chamber may be provided with several corner reflectors arranged at different
angles, such that all directions can be tested and calibrated simultaneously. However, such a
setup cannot be used for low range resolution radars since the targets cannot be separated in
space. This requires the reflectors to be placed at different distances, the difference in distance
being larger than the radar range resolution. This results in a very large anechoic chamber which

is difficult to fit into a production line.

Furthermore, an anechoic chamber comprises a number of components that generate parasitic
reflections indicating false targets, and that produce radio-frequency noise that can mask low

power reflected signals.
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Hence, there is a need to provide an improved calibration and testing apparatus for radio-

frequency devices.

SUMMARY

It is an object to provide an improved calibration and testing apparatus for radio-frequency
devices. The foregoing and other objects are achieved by the features of the independent claim.
Further implementation forms are apparent from the dependent claims, the description, and the

figures.

According to a first aspect, there is provided a calibration and testing apparatus for radio-
frequency devices, the calibration and testing apparatus comprising a closed housing and

a chamber formed within the housing. The housing comprises at least a first material configured
to substantially reflect radio-frequency signals emitted by the radio-frequency device, and a
second material configured to substantially absorb radio-frequency signals emitted by the radio-
frequency device. Sections of first material and sections of second material are distributed
throughout the housing such that radio-frequency signals propagating at one or more predefined
propagation angle(s) are reflected by the first material and radio-frequency signals propagating

at other angles are absorbed by the second material.

This solution allows a calibration and testing apparatus which is small in size, can be used for
low range resolution radars, has a low overall testing time, and which does not indicate false

targets.

In a possible implementation form of the first aspect, an interior surface of the housing
comprises >90% of the second material, the interior surface delimiting the chamber. This
reduces the amount of reflected signals, allowing only signals propagating at specific angles to

be tested and calibrated.

In a further possible implementation form of the first aspect, the housing comprises one opening
configured to accommodate a radio-frequency device to be calibrated and tested. By providing
the housing with only one opening, an uninterrupted chamber suitable for testing and

calibrating is formed.
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In a further possible implementation form of the first aspect, the opening is configured to
accommodate the radio-frequency device and allow the radio-frequency device to rotate at least

an angle in a first plane, facilitating calibration and testing of several angles.

In a further possible implementation form of the first aspect, the calibration and testing
apparatus further comprises a turntable configured to carry and rotate the radio-frequency

device facilitating rotation of the radio-frequency device.

In a further possible implementation form of the first aspect, the walls of the housing are formed
by the first material, sections of second material being interspersed within the walls or attached
to the walls; or the walls of the housing are formed by the second material, sections of first
material being interspersed within the walls or attached to the walls. This facilitates a structure

where some signals are reflected and some signals are absorbed.

In a further possible implementation form of the first aspect, the sections of second material is
arranged such that sections of first material are exposed to radio-frequency signals, allowing

the radio-frequency signals to be reflected.

In a further possible implementation form of the first aspect, the housing comprises a third
material, sections of first material being interspersed within the third material or attached to the
third material. This allows using a material that has less internal reflection and/or is cheaper
than the first material to be used for the main housing structure. It also allows the requirements

on the second material to be lowered and the total cost of the apparatus to be decreased.

In a further possible implementation form of the first aspect, gaps between the sections of first
material are covered by the second material, such that signals that are not to be tested are

absorbed.

In a further possible implementation form of the first aspect, the second material covers the first
material or the third material, and the second material comprises cut-outs forming openings
exposing sections of first material. This facilitates a simple yet reliable structure for calibrating

and testing radio-frequency signals.
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In a further possible implementation form of the first aspect, several sections of first material
are configured to form corner reflectors and/or individual sections of first material are
configured to form flat reflectors, at least one of the corner reflectors and the flat reflectors
being a target reflector. This allows the distance of travel of the signal, between radio-frequency

device and target reflector, to be extended as the signal reflects from one reflector to another.

In a further possible implementation form of the first aspect, the flat reflectors are distributed
throughout the housing such that radio-frequency signals can be reflected multiple times
towards at least one target reflector. This allows the distance of travel of the signal, between

radio-frequency device and target reflector, to be longer than the dimensions of the housing.

In a further possible implementation form of the first aspect, the apparatus is configured to fulfil
far-field conditions between the radio-frequency device and the target reflector(s), facilitating

calibration and testing at larger distances within a compact volume.

In a further possible implementation form of the first aspect, the sections of first material are
embedded within the second material or the third material such that only one surface of each
section of first material is exposed to radio-frequency signals. By preventing edges of the

reflectors from being visible, radio-frequency scattering will be kept to a minimum.

In a further possible implementation form of the first aspect, the chamber is divided into sub-
chambers by walls comprising the first material and/or the second material, increasing the

flexibility of the apparatus.

In a further possible implementation form of the first aspect, the chamber and/or sub-chambers
contain only air. Since there are no other electronics or mechanics inside the chamber except
for the radio-frequency device, noise can be kept at a low level and the signal-to-noise ration
can be improved. Furthermore, there are no sources of parasitic reflections preventing or at least

reducing the occurrence of false targets

In a further possible implementation form of the first aspect, the housing and the chamber of
the calibration and testing apparatus form a radio-frequency anechoic chamber comprising
radio-frequency reflectors, facilitating calibration and testing of apparatuses such as radars,

mobile phones, mobile terminals, and antennas.
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These and other aspects will be apparent from the embodiments described below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed portion of the present disclosure, the aspects, embodiments and
implementations will be explained in more detail with reference to the example embodiments
shown in the drawings, in which:

Fig. 1 shows a schematic illustration of a calibration and testing apparatus in accordance with
an example of the embodiments of the disclosure;

Fig. 2 shows a further schematic illustration of a calibration and testing apparatus in accordance

with an example of the embodiments of the disclosure.

DETAILED DESCRIPTION

The present invention relates to a calibration and testing apparatus 1 for radio-frequency
devices, the calibration and testing apparatus 1 comprising a closed housing 2, and a chamber
3 formed within the housing 2, the housing 2 comprising at least a first material 4 configured
to substantially reflect radio-frequency signals emitted by the radio-frequency device, and a
second material 5 configured to substantially absorb radio-frequency signals emitted by the
radio-frequency device, sections of first material 4 and sections of second material 5 being
distributed throughout the housing 2 such that radio-frequency signals propagating at one or
more predefined propagation angles are reflected by the first material 4 and radio-frequency

signals propagating at other angles are absorbed by the second material 5.

The calibration and testing apparatus 1 is suitable for calibrating and testing radio-frequency

devices 11 such as radars, mobile terminals, and standalone antennas.

The calibration and testing apparatus 1 comprises, as shown in Figs. 1 and 2, a closed housing
2 and a chamber 3 formed within the housing 2. The chamber 3 may also be referred to as a
multi-target wave channel. The figures show rectangular housings 2, however, the housing 2

may have any suitable shape.

The housing 2 comprises at least a first material 4 configured to substantially reflect radio-
frequency signals emitted by the radio-frequency device, and a second material 5 configured to

substantially absorb radio-frequency signals emitted by the radio-frequency device. In other
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words, the first material reflects radio-frequency signals emitted by the radio-frequency device
and the second material absorbs radio-frequency signals emitted by the radio-frequency device.
The first material 4 may be a metal and the second material 5 may be a radio-frequency
absorber. The first material 4 may reflect more than 90 % of a signal and the second material 5

may reflect less than 10 %.

Sections of the first material 4 and sections of the second material 5 are distributed throughout
the housing 2 such that radio-frequency signals propagating at one or more predefined
propagation angles are reflected by the first material 4 and radio-frequency signals propagating
at other angles are absorbed by the second material 5. Radio-frequency signals emitted by the
radio-frequency device 11 propagate in accordance with the specific radio-frequency device 11
radiation pattern, and is absorbed throughout except at locations where the first material 4 is
exposed, 1.e., areas where the first material 4 forms reflectors. As an example, the propagation
angles may be 0°, 20°, and 45°, the signals emitted at these angles being reflected while signals

emitted at any other angles are substantially absorbed.

The interior surface 2a of the housing 2 may comprise >90% of the second material 5, the
interior surface 2a delimiting the chamber 3. For example, the interior surface 2a of the housing

2 may comprise 98 % second material 5, the remaining 2 % being first material 4.

The housing 2 may comprise one opening configured to accommodate a radio-frequency device

11 to be calibrated and tested.

The opening may be configured to accommodate the radio-frequency device 11 and allow the
radio-frequency device 11 to rotate at least an angle a in a first plane P, as suggested in Fig. 1.
Preferably, the opening is just wide enough to accommodate the radio-frequency device 11

without unnecessary gaps.

The calibration and testing apparatus 1 may further comprise a turntable 6 configured to carry
and rotate the radio-frequency device 11. The turntable 6 may be operated by a turntable control
12 and the turntable control 12 and radio-frequency device 11 may be interconnected via a
computer 13. The radio-frequency device 11 is secured to the turntable 6 using a fixture, and
the turntable control 12 allows the rotation of the radio-frequency device 11 in the first plane

P, i.e. the xy-plane. At different angles a, the radio-frequency device 11 sends radio-frequency
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signals to, and receives signals from, the chamber 3 or multi-target wave channel. The
transmitted and received signals are analyzed by the computer 13 such that calibration
coefficients are obtained. The calibration coefficients are subsequently downloaded to the

radio-frequency device 11. Thereafter, the radio-frequency device 11 is calibrated.

The walls of the housing 2 may be formed by the first material 4, sections of second material 5
being interspersed within the walls or attached to the walls. The housing 2 may, in other words,
be made of metal. The walls, ceiling, and floor of the metal housing 2 are covered by radio-
frequency absorber, the radio-frequency absorber comprising gaps, or being arranged such that
there are gaps between sections of radio-frequency absorber, such that the metal is exposed in
specific areas. These metal areas form reflective surfaces allowing the radio-frequency signals
to be reflected. The walls, ceiling, and floor of the metal housing 2 may instead have the shape

of a grid or skeleton, the housing 2 recesses in which the radio-frequency absorber is fitted.

Optionally, the walls of the housing 2 may be formed by the second material 5, sections of first
material 4 being interspersed within the walls or attached to the walls. The housing 2 may, in
other words, be made of a radio-frequency absorber. The walls, ceiling, and floor of the radio-

frequency absorber housing 2 provided with metal sheets forming reflectors.

The sections of second material 5 may be arranged such that sections of first material 4 are
exposed to radio-frequency signals, as illustrated in Fig. 2. In other words, the sections of

second material 5 are organized to provide controllable multiple reflections.

The housing 2 may comprise a third material 7, sections of first material 4 being interspersed
within the third material 7 or attached to the third material 7. The third material may be non-
reflective and made of any suitable material such as wood, plywood, or plastic. This would be

beneficial for cases where the radio-frequency path loss is high.
Any gaps between the sections of first material 4 may be covered by the second material 5.
The second material 5 may, in other words, cover the first material 4 or the third material 7, and

the second material 5 may comprise cut-outs forming openings exposing sections of first

material 4, i.e. windows being cut out from larger sections of second material 5.
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Several sections of first material 4 may be configured to form corner reflectors 8 and/or
individual sections of first material 4 may be configured to form flat reflectors 9, at least one of
the corner reflectors 8 and the flat reflectors 9 being a target reflector. Corner reflectors 8 and
flat reflectors 9 are illustrated in Fig. 2, which shows the corner reflectors as targets and the flat
reflectors as means for signal propagation, i.e. the flat reflectors increase the distance from the
radio-frequency device 11 to the targets without changing the size of the wave channel. The
corner reflector may comprise two to four flat sections interconnected at one end to allow
reflection within the corner reflector itself. The flat reflectors 9 may be a flat surface forming a

mirror.

The flat reflectors 9 may be distributed throughout the housing 2 such that radio-frequency
signals can be reflected multiple times towards at least one target reflector. This allows the
distance of travel of the signal, between radio-frequency device 11 and target reflector, to be
longer than the dimensions of the housing 2. The specific arrangement of the reflectors allows
propagation of the signals only in specific directions, as shown by dashed lines in Fig. 2, as
well as across large distances within a compact volume. This solution facilitates using several
targets, e.g. for a radio-frequency device 11 in the form of a radar, as long as the radar range
resolution of the radio-frequency device 11 is larger than the distance between targets. For
example, a first target can be arranged at a first target distance from the radio-frequency device
11 and a second target can be arranged at a second target distance from the radio-frequency
device 11. The distance between targets is calculated as the difference between the first target

distance and the second target distance.

As an example, the radio-frequency device 11, or radar 11, can be configured to see two targets
if the distance between the targets is greater than 0.6 m which is the radar’s range resolution.
Three targets are shown in Fig. 2, and they are placed in the chamber 3 at distances of 0.6 m,
1.2 m, and 1.8 m from the radio-frequency device 11 (RUT). The corner reflector indicated
with reference numeral 8 is one target, and the diagonally opposite corner reflector, indicated
by reference numeral 4, constitutes a target. Furthermore, the flat reflector directly opposite the

frequency device 11 is one target. The remaining flat reflectors just reflect the signal.

The above-mentioned corner reflector, indicated by reference numeral 4, may constitute two
targets. As shown in Fig. 2, two different paths, with different lengths, can lead to the same

corner reflector, wherefore that one corner reflector is considered to be two targets.
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The corner reflectors and flat reflectors can be arranged in any suitable way to allow any
desirable paths and any number of targets, the target being formed by either corner reflectors
or flat reflectors. This is applicable as long as the radar range resolution allows it, otherwise

some of the paths should be blocked using the second material.

The apparatus 1 may be configured to fulfil far-field conditions between the radio-frequency

device 11 and the target reflectors 8, 9.

The sections of first material 4 may be embedded within the second material 5 or the third
material 7 such that only one surface of each section of first material 4 is exposed to radio-
frequency signals. The surface of the section of first material 4 may be completely aligned with
the corresponding surface of the second material 5. By preventing other reflector surfaces, such
as the edges of the reflectors, from being visible, radio-frequency scattering, generated via that

edge, will be kept to a minimum.

The chamber 3 may be divided into sub-chambers 3a by walls 10 comprising the first material

4 and/or the second material 5, as illustrated in Fig. 1.

The chamber 3 and/or sub-chambers 3a may contain only air. The chamber 3 and/or sub-
chambers 3a do not comprise any electronics or mechanics that can affect the performance of

the apparatus 1.

The housing 2 and the chamber 3 of the calibration and testing apparatus 1 may form a radio-

frequency anechoic chamber comprising radio-frequency reflectors.

The various aspects and implementations have been described in conjunction with various
embodiments herein. However, other variations to the disclosed embodiments can be
understood and effected by those skilled in the art in practicing the claimed subject-matter, from
a study of the drawings, the disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and the indefinite article “a” or “an”
does not exclude a plurality. The mere fact that certain measures are recited in mutually
different dependent claims does not indicate that a combination of these measured cannot be

used to advantage.
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The reference signs used in the claims shall not be construed as limiting the scope. Unless
otherwise indicated, the drawings are intended to be read e.g., cross-hatching, arrangement of
parts, proportion, degree, etc. together with the specification, and are to be considered a portion
of the entire written description of this disclosure. As used in the description, the terms

29 (13

“horizontal”, “vertical”, “left”, “right”, “up” and “down”, as well as adjectival and adverbial
derivatives thereof e.g., “horizontally”, “rightwardly”, “upwardly”, etc., simply refer to the
orientation of the illustrated structure as the particular drawing figure faces the reader.
Similarly, the terms “inwardly” and “outwardly” generally refer to the orientation of a surface

relative to its axis of elongation, or axis of rotation, as appropriate.

10
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CLAIMS

1. A calibration and testing apparatus (1) for radio-frequency devices (11), said calibration and
testing apparatus (1) comprising

-a closed housing (2); and

-a chamber (3) formed within said housing (2);

said housing (2) comprising at least

--a first material (4) configured to substantially reflect radio-frequency signals emitted by said
radio-frequency device, and

-a second material (5) configured to substantially absorb radio-frequency signals emitted by
said radio-frequency device (11),

sections of first material (4) and sections of second material (5) being distributed throughout
said housing (2) such that radio-frequency signals propagating at one or more predefined
propagation angle(s) are reflected by said first material (4) and

radio-frequency signals propagating at other angles are absorbed by said second material (5).

2. The calibration and testing apparatus (1) according to claim 1, wherein an interior surface
(2a) of said housing (2) comprises >90% of said second material (5), said interior surface (2a)

delimiting said chamber (3).

3. The calibration and testing apparatus (1) according to claim 1 or 2, wherein said housing (2)
comprises one opening configured to accommodate a radio-frequency device (11) to be

calibrated and tested.

4. The calibration and testing apparatus (1) according to claim 3, wherein said opening is
configured to accommodate said radio-frequency device (11) and allow said radio-frequency

device (11) to rotate at least an angle (o) in a first plane (P).

5. The calibration and testing apparatus (1) according to any one of the previous claims, further

comprising a turntable (6) configured to carry and rotate said radio-frequency device.

6. The calibration and testing apparatus (1) according to any one of the previous claims, wherein
walls of said housing (2) are formed by said first material (4), sections of second material (5)

being interspersed within said walls or attached to said walls; or

11
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wherein said walls of said housing (2) are formed by said second material (5), sections of first

material (4) being interspersed within said walls or attached to said walls.

7. The calibration and testing apparatus (1) according to claim 6, wherein said sections of
second material (5) is arranged such that sections of first material (4) are exposed to radio-

frequency signals.

8. The calibration and testing apparatus (1) according to any one of claims 1 to 5, wherein said
housing (2) comprises a third material (7), sections of first material (4) being interspersed within

said third material (7) or attached to said third material (7).

9. The calibration and testing apparatus (1) according to claim 8, wherein gaps between said

sections of first material (4) are covered by said second material (5).

10. The calibration and testing apparatus (1) according to any one of the previous claims,
wherein several sections of first material (4) are configured to form corner reflectors (8) and/or
individual sections of first material (4) are configured to form flat reflectors (9), at least one of

said corner reflectors (8) and said flat reflectors (9) being a target reflector.

11. The calibration and testing apparatus (1) according to claim 10, wherein said flat reflectors
(9) are distributed throughout said housing (2) such that radio-frequency signals can be reflected

multiple times towards at least one target reflector.

12. The calibration and testing apparatus (1) according to claim 11, wherein said apparatus (1)
is configured to fulfil far-field conditions between said radio-frequency device (11) and said

target reflector(s) (8, 9).

13. The calibration and testing apparatus (1) according to any one of the previous claims,
wherein said sections of first material (4) are embedded within said second material (5) or said
third material (7) such that only one surface of each section of first material (4) is exposed to

radio-frequency signals.

12
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14. The calibration and testing apparatus (1) according to any one of the previous claims,
wherein said chamber (3) is divided into sub-chambers (3a) by walls (10) comprising said first

material (4) and/or said second material (5).

15. The calibration and testing apparatus (1) according to any one of the previous claims,

wherein said chamber (3) and/or sub-chambers (3a) contain only air.

13
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