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(54) DETECTION APPARATUS FOR DETECTING OPEN STATE OF BOX COVER AND DEVICE BOX

(57) Embodiments of the disclosure provide a detec-
tion apparatus for detecting the open state of a box cover
and a device box. The detection apparatus includes a
mounting plate arranged in a box body of the device box
and spaced a predetermined distance from the box cover
of the device box; a reflection part arranged on the box
cover and facing an inner side of the box body; and a

detection unit arranged on the mounting plate and in-
cludes a transmitter adapted to emit a detection light
signal; and a receiver adapted to receive the detection
light signal reflected by the reflection part, so that the
detection unit determines the open state of the box cover
based on the received detection light signal.
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Description

FIELD

[0001] Example embodiments of the present disclo-
sure relate generally to the field of electrical apparatuses,
and in particular to a detection apparatus for detecting an
open state of a box cover and device box.

BACKGROUND

[0002] Current vehicle charging stations are typically
equipped with a device box to protect the internal com-
ponents.Usersneed toopen thedevicebox toaccess the
components inside when using the charging station. Due
to safety and protection considerations for the charging
station, the detection of the opening of the device boxhas
gradually gained attention.

SUMMARY

[0003] In a first aspect of the present disclosure, a
detection apparatus for detecting an open state of a
box cover is provided. The detection apparatus com-
prises a mounting plate arranged in a box body of a
device box and spaced a predetermined distance from
thebox cover of the device box; a reflectionpart arranged
on the box cover and facing an inner side of the box body;
and a detection unit arranged on the mounting plate and
thedetectionunit comprisesa transmitter adapted toemit
a detection light signal; and a receiver adapted to receive
the detection light signal reflected by the reflection part,
so that the detection unit determines the open state of the
box cover based on the received detection light signal.
[0004] In some embodiments, the detection apparatus
further includes an inner cover arranged on a side of the
mounting plate facing the box cover, and including a
detection hole, the detection hole being aligned with
the detection unit for the detection light signal to pass
through.
[0005] In some embodiments, the detection apparatus
further comprises a light shield arranged between the
mounting plate and the inner cover and at least partially
surrounding the detection unit.
[0006] In some embodiments, the light shield and the
inner cover are integrally formed.
[0007] In some embodiments, the detection apparatus
further comprises an indication element arranged on the
mountingplate andadapted toemit light in different forms
to indicate a state of the device box and/or electronic
devices therein; and a light guide arranged between the
indication element and the box cover for guiding the light
emitted by the indication element to outside of the box
cover.
[0008] In some embodiments, the inner cover com-
prises a perforation for the light guide to pass through.
[0009] In some embodiments, a cross-section of the
light guide is an arc-shaped and partially surrounds the

detection unit.
[0010] In some embodiments, the detection apparatus
further includes a detection circuit arranged on the
mounting plate and coupled to the detection unit, the
detection circuit comprises an input power supply for
supplying power to the transmitter and the receiver; a
test interface coupled to an end of the receiver near the
input power supply and adapted to output test data; and a
signal generation unit connected in series to a side of the
transmitter away from the input power supply to generate
a square wave signal to at least control on and off of a
circuit in which the detection unit is located.
[0011] In some embodiments, the detection circuit
further comprises a first resistor coupled between the
transmitter and the input power supply.
[0012] In some embodiments, the detection circuit
further comprises a second resistor coupled between
the receiver and the input power supply.
[0013] In some embodiments, the detection circuit
further comprises an operational amplifier, a non-invert-
ing input end of the operational amplifier is coupled
between the second resistor and the receiver, an invert-
ing input end of the operational amplifier is coupled to the
input power supply, and an output end of the operational
amplifier is coupled to the test interface.
[0014] In some embodiments, the detection circuit
further comprises a filter circuit coupled between the
output end of the operational amplifier and the test inter-
face.
[0015] By arranging the detection unit in the box body
and arranging the reflection part on the side of the box
cover facing the box body, when the box cover is placed
over theopeningof theboxbody, thedetection light signal
emitted by a transmitter of the detection unit is reflected
by a reflection part coupled to the box cover and subse-
quently received by a receiver, Thus, it is determined that
the box cover is covered on the device box at this time,
and when the box cover is opened relative to the device
boxor the box cover is separated from thedevice box, the
reflectionpartmovesaway from its reflective positiondue
to theopening of the box cover, causing the receiver to be
unable to receive the detection light signal reflected by
the reflectionpart. Thus, it canbedetermined that thebox
cover of the device box is opened.
[0016] In a second aspect of the present disclosure, a
device box is provided. The device box comprises a box
body, a box cover snap-fitted on the box body; and the
detection apparatus provided according to the first as-
pect of the present disclosure.
[0017] It should be understood that the content de-
scribed in this content part is not intended to limit the
key features or important features of embodiments of the
present disclosure, nor is it intended to limit the scope of
the present disclosure. Other features of the present
disclosure will become apparent from the description
below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theabove andother features, advantages, and
aspects of various embodiments of the present disclo-
sure will become more apparent with reference to the
following detailed description taken in conjunction with
the accompanying drawings. In the drawings, the same
or similar reference numbers represent the same or
similar elements, where:

FIG. 1 illustrates an exploded schematic view of a
device box according to embodiments of the present
disclosure;

FIG. 2 illustrates a cross-sectional view of an inner
structure of a device box according to embodiments
of the present disclosure;

FIG. 3 illustrates a schematic view of a box cover of a
device box according to embodiments of the present
disclosure;

FIG. 4 illustrates a schematic diagram of a box body
of a device box according to embodiments of the
present disclosure; and

FIG. 5 illustrates a simplified circuit diagram of a
detection circuit according to embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0019] Embodiments of the present disclosure will be
described in more detail below with reference to the
accompanying drawings. Although certain embodiments
of the present disclosure are shown in the accompanying
drawings, it should be understood that the present dis-
closuremay be implemented in various forms and should
not be construed as limited to embodiments set forth
herein. Rather, these embodiments are provided for a
more thorough and complete understanding of the pre-
sent disclosure. It should be understood that the accom-
panying drawings and embodiments of the present dis-
closure are only for illustrative purposes and are not
intended to limit the scope of protection of the present
disclosure.
[0020] It should be noted that the title of any section/-
sub section provided herein is not limiting. Various em-
bodiments are described throughout this article, and any
type of embodiment can be included under any section/-
subsection. Furthermore, embodiments described in any
section/subsectionmay be combined in anymanner with
any other embodiments described in the same section/-
subsection and/or a different section/subsection.
[0021] In the description of embodiments of the pre-
sent disclosure, the term "comprise" and similar terms
shouldbe interpretedasopen inclusion, that is, "including
but not limited to". The term "based on" should be inter-

preted as "based at least in part on". The term "an
embodiment" or "the embodiment" should be interpreted
as "at least one embodiment". The term "some embodi-
ments" should be interpreted as "at least some embodi-
ments". Other explicit and implicit definitionsmay also be
includedbelow.The terms "first", "second", etc.may refer
to different or identical objects. Other explicit and implicit
definitions may also be included below.
[0022] Asmentionedbrieflyabove, a typical household
charging stations are relatively compact in size, and if a
mechanical lock or an electronic lock is mounted on an
external device box of the charging station, itmay occupy
internal space of the charging station, thereby easily
affecting the layout of a circuit and the like inside the
charging station. Therefore, in consideration of safety
and protection, it is necessary to detect the open state of
the device box of the charging station, so as to timely
report to the user after the device box of the charging
station is opened.
[0023] In order to solve or at least partially solve the
described problems or other potential problems existing
in the prior art, embodiments of the present disclosure
provide a detection apparatus for detecting the open
state of a box cover and a device box. By arranging
the detection unit in the box body and arranging the
reflection part on the side of the box cover facing the
box body, when the box cover is placed over the opening
of the box body, the detection light signal emitted by a
transmitter of the detection unit is reflected by a reflection
part coupled to the box cover and subsequently received
by a receiver, Thus, it is determined that the box cover is
covered on the device box at this time, and when the box
cover is opened relative to thedeviceboxor theboxcover
is separated from the device box, the reflection part
moves away from its reflective position due to the open-
ing of the box cover, causing the receiver to be unable to
receive the detection light signal reflected by the reflec-
tion part. Thus, it can be determined that the box cover of
the device box is opened.
[0024] FIG. 1 illustrates an exploded schematic view of
a device box according to embodiments of the present
disclosure, andFIG.2 illustratesacross-sectional viewof
an inner structure of a device box according to embodi-
ments of the present disclosure. As shown in FIGS. 1 and
2, the device box includes a box body 9 having an open-
ing on a side, a box cover 91 covering the opening side of
theboxbody9, andadetectionapparatusarranged in the
box cover 91.
[0025] FIGS. 3 and 4 respectively illustrate schematic
viewsof thebox cover 91and theboxbody9of thedevice
box according to embodiments of the present disclosure.
As shown in FIGS. 3 and 4, in some embodiments, the
box cover 91 and the box 9 may be coupled together by
means such as fasteners like bolts and/or snap-fit con-
nections, and the box cover 91 may be completely se-
parated from the box body 9 and expose the opening of
thebox9. Inotherembodiments, theboxcover91and the
box body 9 may also be coupled together by means of a
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hinge, and the box cover 91 may rotate around a hinge
axis, so as to expose the opening of the box body 9. In
some alternative embodiments, the box cover 91 may
also be slidably connected at the opening of the box body
9, so that the box cover 91 can slide along the sliding
direction and expose the opening of the box body 9.
[0026] As shown in FIG. 2, the detection apparatus
includes a mounting plate 1 arranged in box body 9, a
reflection part 2 arranged on the box cover 91 and facing
an inner side of the box body 9, and a detection unit 3
arrangedon themountingplate1. Themountingplate1 is
a circuit board spaced a certain distance from the box
cover91of theboxbody9.Themountingplate1maybea
circuit board specially used for arranging the detection
apparatus. In somealternative embodiments, themount-
ing plate 1 may also be a circuit board integrated with
other functions of the device box, which is not limited in
embodiments of the present disclosure. By directly ar-
ranging the detection apparatus on themounting plate 1,
the footprint of the detection apparatus can be reduced,
facilitating the miniaturization of the detection apparatus
and the whole device box.
[0027] The detection unit 3 includes a transmitter 31
and a receiver 32 coupled to the mounting plate 1. The
transmitter 31 is adapted to emit a detection light signal.
When the box cover 91 covers the opening of the box
body 9, the detection light signal is emitted to the reflec-
tion part 2, and after being reflected by the reflection part
2, and it is received by the receiver 32. The receiver 32
determines that the box cover 91 is in a closed state
based on the received detection light signal. However,
after the box cover 91 is opened, the reflected light signal
cannot irradiate the receiver 32 by means of reflection of
the reflection part 2.When the receiver 32 cannot receive
the light signal, the detection apparatus can determine
that the box cover 91 is opened, i.e. the box cover 91 is
separated from the box body 9 (for example, the box
cover 91 is opened or is detached from the box body 9).
[0028] A predetermined distance is provided between
the mounting plate 1 and the box cover 91 so that the
detection light signal emitted from the transmitter 31 can
be irradiated to the reflection part 2 and received by the
receiver 32 by reflection of the reflection part 2.
[0029] In some embodiments, the reflection part 2may
be a part of the inner surface of the box cover 91 andmay
be made of any suitable opaque material to reflect the
detected light signal. For example, the reflection part 2
and thebox cover 91maybe integrally formed, andmade
of opaque materials such as plastic or resin. In some
embodiments, the reflection part 2mayalso bemade of a
metal material, for example, a sheet-like member sup-
ported by the metal material is adhered to a correspond-
ing position of the inner surface of the box cover 91.
[0030] FIG. 5 illustrates a simplified circuit diagramof a
detectioncircuit according toembodimentsof thepresent
disclosure. As shown in FIG. 5, a detection circuit is
coupled to a mounting plate 1 to support the operation
of the transmitter 31 and the receiver 32. The detection

circuit includes an input power supply 81 for providing
power to the transmitter 31 and the receiver 32. After the
receiver 32 is connected in parallel to the transmitter 31,
an end of the receiver 32 is further coupled to the input
power supply 81, and the other end of the receiver 32 is
grounded. The transmitter 31 and the receiver 32 are
connected in parallel, and a signal generation unit 83 is
further connected in series between a side near the
ground (i.e. a side of the transmitter 31 away from the
input power supply 81) and the ground. The signal gen-
eration unit 83 controls on or off of interval of the circuit
where the transmitter 31 and the receiver 32 are located
through a pulsed square wave signal. A test interface 82
is also coupled to a side of the receiver 32 facing the input
power supply 81. For example, in some embodiments,
the test interface 82 may be coupled to a tester or other
suitable electronic device to detect a voltage signal at an
end of the receiver 32 near the input power supply 81.
[0031] Specifically, the signal generation unit 83 inter-
mittently controls the on or off of the circuit by means of a
squarewave signal, thereby causing the transmitter 31 to
intermittently emit the detection light signal. When the
boxcover91covers theopeningof theboxbody9 (i.e. the
receiver 32 may receive the detection light signal), the
receiver 32 may intermittently receive the detection light
signal, therebycausing thecircuit inwhich the receiver 32
is located to be conducted or disconnected intermittently.
In this way, the test interface 82 coupled to the side of the
receiver 32 near the input power supply 81 may detect a
squarewave signal corresponding to the on or off state of
the circuit in which the receiver 32 is located.
[0032] The tester can determine that the box cover 91
covers theopeningof theboxbody9basedon the square
wave signal, and when the box cover 91 is separated
from theboxbody9, the reflectionpart 2cannot reflect the
detection light signal emitted by the transmitter 31 to the
receiver 32, and at this time, since the receiver 32 cannot
receive the detection light signal, the circuit in which the
receiver 32 is located remains in the disconnected state,
causing the tester todetect onlya stable low-level or high-
level signal from the test port instead of the aforemen-
tioned square wave signal, and at this time, the detector
candetermine that the boxcover 91 is separated from the
box body 9, and report the separation to the user.
[0033] While using the presence or absence of the
square wave signal to determine whether the box cover
91 is separated from the box body 9, the operation
stability of the electronic component may also be deter-
mined based on the square wave signal, thereby improv-
ing the reliability of signal detection. When the box cover
91 covers the opening of the box body 9, only under the
condition that the electronic components in the detection
apparatus all stably operate, the test port can stably
output a square wave signal to the tester. When a fault
occurs in the detection apparatus, the test port can only
output a fixed high-level or low-level signal to the tester,
and the operation andmaintenance personnel canmain-
tain the detection apparatus in time based on these
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abnormal signals. In this way, the problem of not being
able to timely respond to the separation of the box cover
91 from the box body 9 due to the damage of electronic
components in the testing device is avoided, thereby
improving the reliability of the detection apparatus.
[0034] In some embodiments, the signal generation
unit 83 may include a signal output port and a metal-
oxide semiconductor field effect transistor. A gate elec-
trode of the metal-oxide semiconductor field effect tran-
sistor is coupled to the signal output port, a drain elec-
trode thereof is coupled to an end of the transmitter 31
away from the input power supply 81, and a source
electrode thereof is grounded. The signal output port is
adapted to intermittently output a high-level pulse signal,
and the metal-oxide semiconductor field effect transistor
is adapted to control the conduction between the source
electrode and the drain electrode after receiving a high-
level signal, so that the circuit where theemitter electrode
is located is conducted.
[0035] In some embodiments, the detection circuit
further includes a first resistor 64 coupled between the
transmitter 31 and the input power supply 81, such that
the first resistor 84 may provide at least voltage division
and current limiting protection for the transmitter 31.
[0036] In someembodiments, the detection circuit also
includes a second resistor 85 coupled between the re-
ceiving region and the input power supply 81 such that
the second resistor 85 may provide at least voltage
division and current limiting protection for the receiver 32.
[0037] In some embodiments, the detection circuit
further includes an operational amplifier 86, a non-invert-
ing input end of the operational amplifier 86 is coupled
between the second resistor 85 and the receiver 32, an
inverting input end of the operational amplifier 86 is
coupled to the input power supply 81, and an output
end of the operational amplifier 86 is coupled to the test
interface 82. In some embodiments, the operational am-
plifier 86 may be a reverse amplifier.
[0038] In some embodiments, the detection circuit
further includes a filter circuit. The filter circuit includes
a filter resistor 88 and a filter capacitor 87 which are
connected in series with each other. An end of the filter
capacitor 87 away from the filter resistor 88 is coupled to
an output end of the operational amplifier 86. An end of
the filter capacitor 87 near the filter resistor 88 is
grounded. An end of the filter resistor 88 away from
the filter capacitor 87 is coupled to a test port. The filter
circuit may eliminate interference from spuriouswaves in
a test signal, thereby improving detection accuracy.
[0039] Referring back to FIGS. 3 and 4, in some em-
bodiments, the detection apparatus further includes an
inner cover 4 fixedly coupled within the box body 9, and
themountingplate 1 is coupled to asideof the inner cover
4 facing away from the box cover 91. The inner cover 4
further includes a detection hole 41, which the detection
holes41penetrate throughboth sidesof the inner cover 4
and is aligned with the transmitter 31 and the receiver 32
on the mounting plate 1, so that a detection light signal

emitted by the transmitter 31 may pass through the inner
cover 4 through the detection holes 41 and irradiates the
reflection part 2, and the reflection part 2 may also reflect
the detection light signal to irradiate the receiver 32
through the detection holes 41. The arrangement of
the detection holes 41 also enables that the detection
light signal can only be reflected into the receiver 32 by
the reflection part 2when the box cover 91 is in the closed
state,When the position of the box cover 91 changes, for
example, the box cover 91 opens the opening of the box
body9bymeansof direct detaching, rotating or sliding, In
this case, because the relative position relationship be-
tween the reflection part 2 and the transmitter 31
changes, the reflection part 2 cannot accurately reflect
the detection light signal to the receiver 32, Thus, the
detection accuracy is improved.
[0040] As shown in FIGS. 3 and 4, in some embodi-
ments, the detection apparatus further includes a light
shield 5 disposed between the mounting plate 1 and the
inner cover 4 and at least partially surrounding a periph-
ery of the transmitter 31 and the receiver 32. The light
shield 5 is adapted to close off the gap between the
mounting plate 1 and the inner cover 4, thereby reducing
interference of other light sources (such as the indication
lightmentioned below) on the receiver 32. In addition, the
light shield 5 is arranged between the mounting plate 1
and the innercover4, andcanalsoprovidesupport for the
inner cover 4, so that the inner cover 4 is maintained at a
predetermined distance from the mounting plate 1.
[0041] In some embodiments, the light shield 5 and the
inner cover 4 may be integrally formed, for example, the
light shield 5 and the inner cover 4 may be integrally
formed by injection molding or the like. In other embodi-
ments, the light shield 5 and the inner cover 4mayalsobe
fixed together bymeans of ultrasonicwelding, bonding or
the like.
[0042] As shown in FIGS. 3 and 4, in some embodi-
ments, the detection apparatus further includes an in-
dication element 6 that indicates a working state of the
device box or the electronic components inside the de-
viceboxbyemittinga light source.The indicationelement
6 is coupled on the mounting plate 1. For example, the
indication element 6 may be an LED light. The indication
element 6 is arranged on the mounting plate 1. Corre-
spondingly, the inner cover 4 is provided with a through-
hole, and the indication light emitted by the indication
element 6 may cover the box cover 91 through the
through-hole, a light guide 7 is coupled to the indication
element 6, the light guide 7 passes through the through-
hole, and the other end thereof abuts against the box
cover 91, Thus, the indication light emitted by the indica-
tion element 6 for indicating the device box and/or elec-
tronic devices within the device box can bemapped onto
the box cover 91 via the light guide 7, so that the user
observes the corresponding indication light outside the
box cover 91 and determines the state of the device box
and/or the electronic component based on the indication
light. Moreover, since the light guide 7 is provided, the

5

10

15

20

25

30

35

40

45

50

55



6

9 EP 4 567 762 A1 10

light emitted by the indication element 6 can be trans-
mitted along the light guide 7 without being emitted to the
outside from the side surface, thereby effectively avoid-
ing the influence on the receiver 32 and improving the
reliability of the detection apparatus.
[0043] In some embodiments, a cross-section of the
light guide 7 may be arc-shaped and partially surrounds
the outside of the detection unit 3, and an end of the light
guide 7 facing the mounting plate 1 is aligned with the
indication element 6 on the mounting plate 1. In some
alternative embodiments, the light guide 7 may also
adopt other suitable cross-sectional shapes, such as
rectilinear shape and any other suitable curvilinear
shape.
[0044] It can be seen from the above description that
the solution according to embodiments of the present
disclosure use the reflective photoelectric sensor for
monitoring, which can accurately determine the opening
state of the outer cover. At the same time, by directly
arranging the detection apparatus on the mounting plate
1, the footprint of the detection apparatus can be re-
duced, thereby further facilitating the miniaturization of
both the detection apparatus and the device box. By
providing the light guide and the light shield, the detection
unit of the detection apparatus is not affected by the
external environment, and even can be mounted near
an indicator lampof theproduct,which further contributes
to the miniaturization of the product. In addition, the
reflection distance and direction of the detection unit
are adjustable, so that the detection unit can be config-
ured flexibly, the additional structural design and space
occupation are reduced, and the stability and reliability
are higher.
[0045] Implementations of the present disclosure have
been described above. The above description is illustra-
tive, not exhaustive, and is not limited to the disclosed
implementations. Many modifications and variations will
be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described
implementations. The terminology used herein is chosen
to best explain the principles, practical applications, or
improvements to the technology in the market, or to
enable other persons of ordinary skill in the art to under-
stand the various implementations disclosed herein.

Claims

1. A detection apparatus for detecting an open state of
a box cover, characterized by comprising:

a mounting plate (1) arranged in a box body (9)
of a device box and spaced a predetermined
distance from the box cover (91) of the device
box;
a reflection part (2) arranged on the box cover
(91) and facing an inner side of the box body (9);
and

a detection unit (3) arranged on the mounting
plate (1) and comprising:

a transmitter (31) adapted to emit a detec-
tion light signal; and
a receiver (32) adapted to receive the de-
tection light signal reflected by the reflection
part (2), so that the detection unit (3) deter-
mines the open state of the box cover (91)
basedon the receiveddetection light signal.

2. The detection apparatus of claim 1, characterized
by further comprising:
an inner cover (4) arranged on a side of themounting
plate (1) facing the box cover (91), and comprising a
detection hole (41), the detection hole (41) being
aligned with the detection unit (3) for the detection
light signal to pass through.

3. The detection apparatus of claim 2, characterized
by further comprising:
a light shield (5) arranged between the mounting
plate (1) and the inner cover (4) and at least partially
surrounding the detection unit (3).

4. The detection apparatus of claim 3, characterized
in that the light shield (5) and the inner cover (4) are
integrally formed.

5. The detection apparatus of any of claims 2 to 4,
characterized by further comprising:

an indication element (6) arranged on the
mounting plate (1) and adapted to emit light in
different forms to indicate a state of the device
box and/or electronic devices therein; and
a light guide (7) arranged between the indication
element (6) and the box cover (91) for guiding
the light emitted by the indication element (6) to
outside of the box cover (91).

6. The detection apparatus of claim 5, characterized
in that the inner cover (4) comprises aperforation for
the light guide (7) to pass through.

7. The detection apparatus of claim 5, characterized
in that a cross-section of the light guide (7) is an arc-
shapedandpartially surrounds thedetection unit (3).

8. The detection apparatus of any of claims 1‑4 and 6,
characterized by further comprising a detection
circuit arranged on the mounting plate (1) and
coupled to the detection unit (3), the detection circuit
comprising:

an input power supply (81) for supplying power
to the transmitter (31) and the receiver (32);
a test interface (82) coupled to an end of the
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receiver (32) near the input power supply (81)
and adapted to output test data; and
a signal generation unit (83) connected in series
to a side of the transmitter (31) away from the
input power supply (81) to generate a square
wave signal to at least control on and off of a
circuit in which the detection unit (3) is located.

9. The detection apparatus of claim 8, characterized
in that the detection circuit further comprises a first
resistor (84) coupled between the transmitter (31)
and the input power supply (81).

10. The detection apparatus of claim 8, characterized
in that the detection circuit further comprises a sec-
ond resistor (85) coupled between the receiver (32)
and the input power supply (81).

11. The detection apparatus of claim 10, characterized
in that the detection circuit further comprises an
operational amplifier (86), a non-inverting input
end of the operational amplifier (86) is coupled be-
tween the second resistor (85) and the receiver (32),
an inverting input end of the operational amplifier
(86) is coupled to the input power supply (81), and an
output end of the operational amplifier (86) is
coupled to the test interface (82).

12. The detection apparatus of claim 11, characterized
in that the detection circuit further comprises a filter
circuit coupled between the output end of the opera-
tional amplifier (86) and the test interface (82).

13. A device box, characterized by comprising:

a box body (9),
a box cover (91) snap-fitted on the box body (9);
and
a detection apparatus of any of claims 1 to 12.
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