
22 January 2007  - 1  LIQUID DETECTING APPARATUS, LIQUID-AMOUNT DETECTING
APPARATUS, LIQUID DETECTING METHOD, AND LIQUID-AMOUNT  DETECTING METHOD
BACKGROUND OF THE INVENTION  1. Field of the Invention The present
invention relates to a liquid detecting  apparatus or a liquid-amount
detecting apparatus for  detecting a liquid or the amount of a liquid in a
container.  For example, the present invention relates to an apparatus  for
detecting the remaining amount of ink in an ink tank of  an ink-jet
printer. 2. Description of the Related Art In an ink-jet printer, ink is
stored in an ink tank,  and the ink is transferred from the ink tank to an
ink  discharging unit (head) through an ink path, whereby 2 droplets of ink
is discharged. In the ink-jet printer, the  presence or absence of ink must
be detected with a  relatively high precision. A first reason for this is
that  it is difficult to visually determine the remaining amount  of ink
from the external appearance of the ink tank. As a second reason, if the
ink is discharged to such an  extent that the ink is completely used up,
ink that serves  as "primer" becomes unavailable. That is, air enters the
ink path, preventing the ink from being transferred to a 



22 January 2007  2  nozzle. In that case, ink must be supplied again from
the  start to allow ink to be discharged, or the ink discharging  unit
could be degraded. As a method of discharging ink in  an ink-jet printer,
the thermal method is known, in which  ink in an ink cell is rapidly heated
by a heating element to  discharge droplets of ink. If the heating element
generates  heat even though ink is not present, the heating element  could
be damaged. Thus, discharging of ink (printing) must  be stopped when the
remaining amount of ink reaches a  certain level. Furthermore, as a third
reason, when a large-sized  print sheet is used, if the remaining amount of
ink is not  detected precisely, it is possible that ink is used up  during
printing and printing up to that time becomes vain. From the viewpoints of
safety, economy, etc., described  above, it is necessary to detect the
remaining amount of ink  accurately. Known method of detecting the
remaining amount of ink  include (1) mechanical detection, (2) optical
detection, (3)  detection based on change in electrical resistance, (4)
detection based on change in capacitance, and (5) detection  based on count
of discharged amount. Examples of (3) detection based on change in
electrical  resistance include (1) Japanese Unexamined Patent  



Application Publication No. 6-226990 (Patent Document 1), 22 January 2007
3 (2) Japanese Patent Publication No. 2772015 (Patent Document  2), (3)
Japanese Patent Publication No. 2798948 (Patent  Document 3), and (4)
Japanese Unexamined Patent Application  Publication No. 11-179936 (Patent
Document 4). Of the examples of detection based on change in  electrical
resistance, according to the methods disclosed in  Patent Documents 1 to 3,
a pair of electrodes is provided in  a liquid, and a current is fed to the
electrodes from a DC  power source via a resistor having a high value of
resistance. The voltage applied to the pair of electrodes  changes
depending on the presence or absence of the liquid  between the pair of
electrodes. According to the method  disclosed in Patent Document 4, an
alternating current is  .used for detection of a liquid. The related art
described above, however, has had the  following problems. First, when a
direct current flows through a liquid as  in the art disclosed in Patent
Documents 1 to 3, an  electrolysis occurs depending on the type of the
electrodes  and the components of the liquid. Thus, the surfaces of the
electrodes are likely to change, and metallic ions are  eluted into the
liquid, possibly causing change in the  characteristics of the liquid
(ink). Furthermore, according  



to the methods that use a direct current, as will be  described later in
relation to embodiments of the present 22 January 2007  4  invention, the
impedance of the circuit system tends to be  high, which makes a detection
at high speed difficult.  According to the art disclosed in Patent Document
3, in order to overcome this drawback, the direction of a current  that
flows through electrodes is reversed at a cycle of  measurement period.
According to this method, however, a  direct current is used for
measurement itself, and ions  generated by the measurement with the direct
current are  eliminated by a flow of a DC current in the reverse direction
for the same length of time. Therefore, the speed of  measurement is slow.
According to the art disclosed in Patent Document 4,  since an alternating
current is used, the problem of the  electrolysis does not occur. However,
liquid is detected in an analog manner, i.e., by detecting change in the
amount of the  liquid based on change in capacitance. Thus, levels detected
are unstable, and results of detection are not reliable.  SUMMARY OF THE
INVENTION Embodiments of the present invention prevent electrolysis
(ionization) of liquid from occurring and not to change in  characteristics
of the liquid while allowing reliable  detection. 



According to a first aspect of the present invention,  there is provided 22
January 2007  5  a liquid detecting apparatus for detecting a liquid
contained  in at least one container, the liquid detecting apparatus
comprising: a liquid detecting circuit including an electrode  unit formed,
at least, by a pair of electrodes that is to be  disposed in contact
partially with the liquid in the  container, the pair of electrodes being
electrically  connected to each other when the pair of electrodes is in
contact with the liquid; an impedance; and an alternating- current signal
source; wherein the liquid detecting circuit  inputs an alternating-current
signal that does not contain a  direct-current component to the electrode
unit via a certain  value of impedance, outputs a signal representing
status of  electrical connection between the pair of electrodes, and
outputs a binary signal representing the presence or absence  of electrical
connection between the pair of electrodes based  on the output signal; and
a determining unit for determining  the presence or absence of the liquid
at the electrode unit  based on the binary signal output from the liquid
detecting  circuit. According to a second aspect of the present invention,
there is provided a liquid-amount detecting apparatus for  detecting the
amount of a liquid contained in at least one  



container, the liquid detecting apparatus comprising: a  liquid detecting
circuit including an electrode unit formed  by a pair of electrodes that is
to be disposed in contact at  least 22 January 2007  6 partially with the
liquid in the container, the pair of  electrodes being electrically
connected to each other when the  pair of electrodes is in contact with the
liquid; an  impedance; and an alternating-current signal source; wherein
the liquid detecting circuit inputs an alternating-current  signal that
does not contain a direct-current component to the  electrode unit through
a certain value of impedance, outputs a  signal representing status of
electrical connection between  the pair of electrodes, and outputs a binary
signal  representing the presence or absence of electrical connection
between the pair of electrodes based on the output signal; and  determining
unit for determining the presence or absence of  the liquid at the
electrode unit based on the binary signal  output from the liquid detecting
circuit. According to a third aspect of the present invention,  there is
provided a liquid detecting method for detecting a  liquid contained in at
least one container, wherein an  alternating-current signal that does not
contain a direct- current component is input from an alternating-current
signal  source to an electrode unit via a certain value of impedance,  



the electrode unit being formed by a pair of electrodes that  is to be
disposed in contact at least partially with the liquid  in the container,
the pair of electrodes being electrically  connected to each other when the
pair of electrodes is in 22 January 2007  7  contact with the liquid,
wherein a signal representing status  of electrical connection between the
pair of electrodes is  output, wherein a binary signal representing the
presence or  absence of electrical connection between the pair of
electrodes  is output based on the output signal, and wherein the presence
or absence of the liquid at the electrode unit is determined  based on the
binary signal. According to a fourth aspect of the present invention,
there is provided a liquid-amount detecting method for  detecting the
amount of a liquid contained in at least one  container, wherein an
alternating-current signal that does not  contain a direct-current
component is input from an  alternating-current signal source to an
electrode unit through  a certain value of impedance, the electrode unit
being formed  by a pair of electrodes that is to be disposed in contact at
least partially with the liquid in the container, the pair of  electrodes
being electrically connected to each other when the  pair of electrodes is
in contact with the liquid, wherein a  signal representing status of
electrical connection between  the pair of electrodes is output, wherein a
binary signal  



representing the presence or absence of electrical connection  between the
pair of electrodes is output based on the output  signal, and wherein the
presence or absence of the liquid at  the electrode unit is determined
based on the binary signal. 22 January 2007  8  According to embodiments of
the present invention,  an alternating-current signal that does not contain
a  direct-current component is input from the alternating- current signal
source to the electrode unit through a  certain value of impedance. When
the alternating-current signal is input to the  electrode unit, a signal
representing the status of electric  connection between the pair of
electrodes of the electrode  unit is output, and a binary signal
representing the presence  or absence of electric connection between the
pair of  electrodes is output based on the output signal. The presence  or
absence of liquid at the electrode unit is determined based  on the binary
signal. Thus, since an alternating-current signal that does not  contain a
direct-current component is input to the electrode  Unit, a direct current
does not flow through the liquid,  avoiding change in the characteristics
of the liquid.  Furthermore, thanks to a low conduction impedance,
detection  speed can be increased. Furthermore, since the presence or
absence of liquid is  



determined by outputting a binary signal, digital processing  is allowed,
serving to improve the reliability of detection.  BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a diagram showing an equivalent impedance 22 January
2007  9  circuit;  Fig. 2 is a diagram showing the results of a simulation
of the equivalent impedance circuit shown in Fig. 1; Figs. 3A and 3B are
diagrams specifically showing the  difference in circuit impedance due to
difference between DC  detection and AC detection; Fig. 4 is a diagram
showing the construction of a  liquid-amount detecting apparatus according
to an embodiment  of the present invention; Fig. 5 is a waveform chart for
explaining a detecting  operation according to a first embodiment; Fig. 6
is a diagram showing a liquid detecting circuit  in the first embodiment;
Fig. 7 is a waveform chart showing a second embodiment  of the present
invention, and it corresponds to Fig. 5 for  the first embodiment; j Fig. 8
is a diagram showing a third embodiment of the  present invention, and it
corresponds to Fig. 6 for the  first embodiment; Fig. 9 is a waveform chart
relating to the circuit  



diagram shown in Fig. 8, and it corresponds to Fig. 5 for  the first
embodiment; Fig. 10 is a circuit diagram showing a fourth  embodiment of
the present invention, and it corresponds to  Fig. 6 for the first
embodiment; and 22 January 2007  10  Fig. 11 is a waveform chart relating
to the circuit  diagram shown in Fig. 10, and it corresponds to Fig. 5 for
the first embodiment. DESCRIPTION OF THE PREFERRED EMBODIMENTS Now,
embodiments of the present invention will be  described with reference to
the accompanying drawings.  According to the present invention, a pair of
electrodes is disposed in a liquid, and the presence or  absence of the
liquid is determined based on a current that  flows between the pair of
electrodes. The current that is  used herein is an alternating current, not
a direct current.  The reasons for this will be described below. When the
electrical resistance between electrodes that  are in contact with a liquid
is measured, for example, by a  circuit tester, the electrical resistance
does not depend  much on the distance between the electrodes, and the
electrical resistance is large at first, and becomes lower  as time
elapses. This phenomenon can be explained by  increase in ions due to
progress of electrolysis that is  



caused by the measurement itself with a direct current  between the
electrodes, although the phenomenon depends  considerably on the material
of the electrodes, the  conditions of surface treatment, the area of
surfaces in  contact with the liquid, the characteristics of the liquid, 22
January 2007  - 11  etc. Now, let the distance between the electrodes be
denoted as L and the cross sectional area of the electrodes  through which
the current flows be denoted as A. Then, L/A  is known to be a constant
value (= K) in a given container.  The resistance R of the liquid between
the electrodes is R =  K/k, where k denotes the conductivity of the liquid.
Considering the impedance (Zx) between the electrodes  based on what has
been described above, an equivalent  impedance circuit shown in Fig. 1 is
considered as  appropriate. In Fig. 1, a resistor Rdc represents the
resistance of the liquid as measured with a direct current  over a short
period. A capacitor Cx represents the  electrostatic capacitance of the
liquid. A resistor Rac  represents the resistance of the liquid as measured
with an  alternating current. Since values of measurement differ  between
measurement with a direct current and measurement  with an alternating
current, the capacitor Cx is connected  in series with the resistor Rac.
Fig. 2 is a diagram showing the results of a 



calculation of the equivalent impedance circuit shown in Fig.  1. In the
calculation, ink for an ink-jet printer was chosen as the liquid. In Fig.
2, the horizontal axis represents the frequency  (Hz), and the vertical
axis represents the output voltage  (mV) between the electrodes of the
equivalent circuit shown 22 January 2007  12  in Fig. 1. Furthermore, in
the circuit shown in Fig. 2, a signal  source V1 is an AC-signal source,
and a resistor R2 is a  signal-source resistor. As is apparent from Fig. 2,
under the conditions of the  liquid and the electrodes in the calculation,
at frequencies  not higher than 100 Hz, the resistance as measured with an
alternating current is several Mn, which is substantially  equivalent to
the resistance as measured with a direct  current; however, at frequencies
from 100 Hz to 1 kHz, the  resistance dramatically decreases (3 MO to 500
0), and even  decreases to approximately 1/10,000 depending on the
conditions of the liquid and the electrodes. This indicates the following:
(1) In detecting a liquid using the electrical  resistance (or
conductivity) of the liquid as a switch, when  a direct current is used, a
high conduction resistance is  inevitable in a conductive state (when the
liquid is present  



between the electrodes); however, with an alternating  current having a
frequency of several kHz or higher, the  overall impedance can be reduced
by three or four orders of  magnitude. (2) According to the calculation
described above, the  resistance of the liquid as measured with an
alternating  current is a low / constant value over a considerably wide 22
January 2007  13  band in frequency. Thus, when an AC signal that falls in,
this frequency band is applied to the switch from the signal  source via
the series resistor, the switch exhibits a high  open / short-circuit
ratio. (3) It is possible to prevent an effect of stray  capacitance and/or
cross-talks, because the circuit  impedance is low. In particular, this
tendency is  reinforced if an output value of detection is binary. Figs. 3A
and 3B are diagrams specifically showing the  difference in circuit
impedance between detection with a  direct current and that with an
alternating current. Fig. 3A shows a model of detection with a direct
current, and Fig.  3B shows a model of detection with an alternating
current. In Figs. 3A and 3B, V1 and V2 denote signal sources,
respectively, and a resistor Rg is a signal-source resistor.  Cs denotes a
stray capacitance between the electrodes. S-Sw } denotes an electrode
selecting switch,. and W-Sw denotes a  



switch that operates based on conduction through the liquid.  The principal
difference between DC detection and AC detection is that only one threshold
(whether a certain  level is exceeded or not) is used in DC detection
whereas  two thresholds centered at 0 are usually used in AC  detection. In
DC detection, it is required that a current that  flows between the
electrodes be minimized in order to 22 January 2007  14  alleviate the
problem of ionization. For this reason, the values of the signal-source
resistor Rg and the inter-electrode resistor Rdc must be  very large, as in
the DC detection model shown in Fig. 3A.  Thus, the effect of the stray
capacitance Cs attributable to  wiring extending from the signal-source
resistor Rg to the  electrodes and the electrodes themselves becomes
larger. In the example shown in Fig. 3, the value of the  signal-source
resistor Rg differs by three orders of  magnitude between DC detection and
AC detection. This  difference leads to a difference in time that is taken
before the conditions of the electrodes stabilize and  measurement can be
started. For example, in the case of DC detection, assuming that  .the
stray capacitance Cs is 5 pF, Tdc is a large value on  the order of 50 sec.
Thus, a single detecting circuit  



.suffices if the number of electrodes is small (e.g., if a  rough detection
suffices or if the number of containers to  be monitored is small) or if a
slow cycle of overall  detecting operation is acceptable. However, for
example, in the. case of an ink-jet printer,  the remaining amounts of ink
of four to seven colors in  different containers must be detected at a high
speed and  with a high precision, and the distances between the  electrodes
and the containers tend to be long. In that case, 22 January 2007  15  it
is possible that a detection circuit is required for each  color and a
single detecting circuit does not suffice, or  the circuit configuration
becomes complex. Furthermore, in DC detection, measurement of a peak  value
is critical in order to check to what extent a voltage  applied to the
electrodes rises in a given time. Thus, a  peak detector is usually used.
In the peak detection, in  principle, a value detected must be held until
the value is  output as valid data, and the value must be cleared before a
next measurement takes place. That is, in DC detection, in  addition to a
rise time, an extra time is taken in  measurement due to an analog delay of
the stray capacitance  and clearing of a previous value of the peak
detector. Thus,  the overall measurement takes a longer time. On the other
hand, in AC detection, since the original  



circuit impedance is lowered by the conductivity of the  liquid, the time
taken until convergence to a peak value is  much shorter than in the DC
detection, and timing for  detecting a peak can be precisely predicted
based on a  signal that is given. For example, the level of a sine wave
becomes highest  at 90 degrees, and the level of a rectangular wave (with
no  DC) that has passed through a first-order integration  circuit shows
highest positive value or negative value just  before the polarity of the
wave changes. 22 January 2007  16  From what has been described above, in
detecting a  liquid, use of an alternating current is advantageous than
use of a direct current, so that an alternating current is  used in the
present invention. Now, liquid-amount detecting apparatuses according to
embodiments of the present invention will be described.  First Embodiment
Fig. 4 is a diagram showing the construction of a  liquid-amount detecting
apparatus 10 according to a first  embodiment of the present invention. As
shown in Fig. 4, a  conductive liquid that is to be detected by the liquid-
amount detecting. apparatus 10 is contained in containers T  (Ti and T2).
For example, if the liquid-amount detecting apparatus  



10 is used in an ink-jet printer, the containers T are ink  tanks, and the
liquid in the containers T is ink that is  used in the ink-jet printer. In
the case of a color ink-jet  printer that uses ink of a plurality of
colors, a container  T (ink tank) is provided for each of the colors. The
liquid-amount detecting apparatus 10 according to  this embodiment includes
a liquid detecting circuit 20, a  controller 30, and a remaining-amount
indication unit 40. The liquid detecting circuit 20 includes an AC-signal
22 January 2007  17  source (Vl) 21, an impedance (Zs) 22, a switch (SW)
23., a  threshold detecting unit 24, a data extracting unit 25, and  a
detector substrate 27 having electrode units 26 (26a to  26e). A specific
circuit configuration of the liquid  detecting circuit 20 will be described
later. An AC signal generated by the AC-signal source 21  passes through
the impedance 22 (The impedance 22 is a  source impedance to form an
attenuator with the contact  resistance.), whereby a DC component thereof
is removed, and the resulting AC signal not containing the DC component is
fed to the electrode units 26. A sufficient potential  difference is
generated depending on whether the electrode  units 26 are in contact with
the liquid. The switch 23 is controlled so that the AC signal fed  from the
AC signal-source 21 via the impedance 22 will be  



input to a selected one of the electrode units 26. The electrode units 26
are formed by paired electrodes  26a to 26e that are disposed so as to be
in contact at least  partially with the liquid in the container T. When in
contact with the liquid, the paired electrodes 26a to 26e  becomes
electrically conductive. In this embodiment, the  electrode units 26 are
provided on the detector substrate 27,  and the detector substrate 27 is
disposed inside the  container T. In this embodiment, the electrode units
26 are disposed 22 January 2007  18  inside the container T, and parts of
the liquid-amount  detecting apparatus 10 other than the electrode units 26
are  disposed outside the container T. In this embodiment, four pairs of
electrodes (26a to  26d with 26e) are provided in one container T (each
electrode pair is enclosed in a dotted ellipse in Fig. 4).  The electrode
pairs are formed by detecting electrodes 26a  to 26d and a common electrode
26e. The detecting electrode  26a and the common electrode 26e, the
detecting electrode  26b and the common electrode 26e, the detecting
electrode  26c and the common electrode 26e, and the detecting  electrode
26d and the common electrode 26e are disposed in  proximity to each other,
forming electrode pairs. The detecting electrodes 26a to 26d are disposed
in  



parallel at a regular interval in the vertical direction.  When the liquid
in the container T is decreased, the surface  of the liquid shifts from
upper to lower as viewed in Fig. 4.  That is, the liquid surface becomes
lower in the vertical  direction when the amount of the liquid decreases.
The detecting electrode 26a is disposed at an uppermost  position among the
detecting electrodes 26a to 26d. This is  a position that comes into
contact with the liquid in the  container T when the container T is full.
The detecting  electrode 26 is disposed in the proximity of the bottom
surface of the container T. 22 January 2007  19  Furthermore, one common
electrode 26e is provided on  one detector substrate 27, and the single
common electrode  26e is associated with all the four detecting electrodes
26a  to 26d. The common electrode 26e is connected to the ground  (GND).
(The common electrode 26e should be connected to a  common connection with
a certain potential or a ground. But,  { grounding is not needed as long as
a flow of a direct  current is prevented; however, the common electrode 26e
is  grounded since the ground is usually used as a reference of  potential
at the threshold detecting unit 24.) All the detecting electrodes 26a to
26d and the common  electrode 26e are formed so as to have substantially
the  



same surface area, shape, etc., so that their impedance  characteristics
can be nearly equal. This is because if  impedance characteristics differ
among the electrode units  26, a range for detecting correct status of
liquid becomes  narrower (Detections are made by a single circuit.).
Although two containers Ti and T2 are shown in Fig. 4,  the number of
containers T is arbitrary. When more  containers T are provided, the
detector substrate 27  described earlier is provided for each additional
container T, and put additional nodes 23a of the switch 23, associated
with the detecting electrodes 26a to 26d for the container T.  Furthermore,
the common electrode 26e for the container T  added is connected to a line
to which the common electrodes 22 January 2007  20  26e for the containers
Ti and T2 are connected, and is  thereby grounded. The threshold detecting
unit 24 outputs a signal  representing the status of electric connection
between each  of the pairs of electrodes 26a to 26d and 26e.. The data
extracting unit 25 outputs a binary signal  representing the presence or
absence of electric connection  between each of the pairs of electrodes 26a
to 26d and 26e,  based on the signal output from the threshold detecting
unit  24. The controller 30 has a CPU and a memory (storage  



device), and it includes a determining unit 31 for  determining the
presence or absence of the liquid at the  electrode units 26 based on the
binary signal output from  the liquid detecting circuit 20. Furthermore,
the  controller 30 is capable of controlling switching of the  nodes 23a of
the switch 23 (node-select function) The remaining-amount indication unit
40 displays the  remaining amount of the liquid in the container T in
steps,  based on the result of determination by the determining unit  31 of
the controller 30. In this embodiment, the remaining  amount is represented
in five steps. An AC signal output from the AC-signal source 21 passes
through the impedance 22, whereby a DC component in the AC  signal is
removed. The resulting AC signal is fed to the 22 January 2007  21  switch
23. The switch 23 electrically connects the AC-signal  source 21 to one of
the detecting electrodes 26a to 26d.  That is, the switch 23 forwards the
AC signal having passed  through the impedance 22 to a selected one of the
detecting  electrodes 26a to 26d. When the liquid is present between each
of the pairs of  electrodes 26a to 26d and 26e, the detecting electrodes
26a  to 26d are electrically connected to the common electrode  26e. Thus,
a current flows between the detecting electrodes  



26a to 26d and the common electrode 26e, and is forwarded to  the ground.
Accordingly, the signal input to the threshold  detecting unit 24 exhibits
no significant change in voltage  (Since the signal from V1 is sufficiently
attenuated.). On  the other hand, when the liquid is not present between
each  of the pairs of electrodes 26a to 26d and 26e, the detecting
electrodes 26a to 26d are virtually open circuited. Thus,.  no significant
current flows between the detecting electrodes 26a to 26d and the common
electrode 26e.  Accordingly, the signal input to the threshold detecting
unit 24 exhibits nearly the same level as that of V1:21. When the signal
described above is input to the  threshold detecting unit 24, a threshold
detection is  performed, and an output value of the detection is input to
the data extracting unit 25. The data extracting unit 25 22 January 2007
22  carries out a synchronous detection. The data extracting  unit 25
receives a clock signal for detection from the AC- signal source 21, the
clock signal being controlled so as to  be synchronized with the signal
input from the threshold  detecting unit 24. The clock signal and the AC
signal are  originally the same signal generated by the AC-signal source
21 with this embodiment, so that the cycles of these signals  can be
synchronized with each other. Since the signals are  synchronous with each
other, measurement can be speeded up  



by a use of the synchronous detection. Obviously, the clock  signal may be
generated separately from the AC signal by  another signal source. In that
case, synchronous detection  is facilitated by synchronizing the two
signals, achieving  the same effect as in the case where the clock signal
and  the AC signal are the same signal generated by the same  signal
source. The data extracting unit 25 outputs a binary signal  representing
the presence or absence of electric connection  between each of the pairs
of electrodes 26a to 26d and 26e.  The determining unit 31 receives the
binary signals, and  determines the presence or absence of the liquid at
the  electrode units 26 based on a combination of the binary  signals.
Furthermore, a signal representing the result of  determination by the
determining unit 31 is input to the 22 January 2007  23  remaining-amount
indication unit 40. The remaining-amount  indication unit 40 includes, for
example, a display, which  displays the remaining amount of the liquid in
each container T in five steps. For example, if the liquid is  detected by
all the four electrode units 26 as to the  remaining amount of liquid in
one container T, "4" is  displayed. If the liquid is detected by the lower
three  electrode units 26 but not by the uppermost electrode unit  



26 (the detecting electrode 26a and the common electrode  26e), "3" is
displayed. Similarly, if the liquid is  detected by none of the four
electrode units 26, "0" is  displayed. Fig. 5 is a waveform chart for
explaining a detecting  operation in this embodiment. The detecting
operation shown  in Fig. 5 is only an. example for illustrating the
detecting  operation, and not related to the status of the electrode  units
26 and the amount of ink in the containers T shown in  Fig. 4. That is, for
the purpose of explanation, the  detecting operation shown in Fig. 5 is an
example where  status changes as "ink present", "ink absent", "ink
present",  and "ink absent". In Fig. 5, part (A) is a waveform chart of an
AC signal  output from the AC-signal source 21. The AC signal is a
rectangular wave having a period of 2 sec and.an amplitude  of +5.0 V to 0
V. 22 January 2007  24  Part (B) is a waveform chart of the AC signal fed
from  the AC-signal source via the impedance 22, with .a DC  component
having been removed therefrom, and the amplitude  thereof ranges from +2.5
V to -2.5 V. As indicated by P1 in part (B), the connection between  the
switch 23 and the nodes 23a is switched at a cycle of  the period of the AC
signal (2 sec). More specifically,  



the connection between the switch 23 and the nodes 23a is  switched at the
timing of a falling edge of the rectangular  wave, indicated by an arrow
P2. Thus, during the first period of the AC signal (0 to 2  sec), the
switch 23 is connected to a node 23a associated  with the detecting
electrode 26a for the container Ti. Then,  at the timing of 2 sec, the
switch 23 is switched to a node  23a associated with the detecting
electrode 26b for the  container T1. Thus, in the second period (2 to 4
sec), the  AC signal from the AC-signal source 21 is fed to the detecting
electrode 26b. Thus, connection with the  electrode units 26 can be
efficiently switched by  controlling switching of the switch 23 in
synchronization  with the AC signal from the AC-signal source 21.
Furthermore, without limitation to detection of the  liquid in a single
container T, by switching connection with  the electrode units 26
sequentially for all the containers  T1, T2, the single liquid detecting
circuit 20 can be 22 January 2007  25  connected, by time division, to the
electrode units 26 of  all the containers T. In Fig. 5, part (C) is a
waveform chart showing signals  input from the electrode units 26 to the
threshold detecting  unit 24. The waveform in the first period of 0 to 2
sec  represents the status of electric connection between the  



detecting electrode 26a and the common electrode 26e for the  container Ti.
The waveform in the next period of 2 to 4  sec represents the status of
electric connection between  the detecting electrode 26b and the common
electrode 26e for  the container T. The signals input from the electrode
units 26 are input  to the threshold detecting unit 24, where a threshold
detection is performed. Part (D) is a waveform chart showing a signal
output  from the threshold detecting unit 24. In this example, a  threshold
P3 (substantially -1 V in this example) is set in  the negative side to
output the status of signal attenuation  at the electrode units 26. That
is, when a value input from  the electrode units 26, which is in a range of
+2.5 V to - 2.5 V, becomes more negative than the threshold value P3, as
enclosed in a dotted ellipse in part (C), an inverted value  is output.
Part (E) is a waveform chart showing a signal output  from the data
extracting unit 25. Referring to the waveform 22 January 2007  26  chart in
part (D), synchronous detection is performed based  on the cycle of the
clock signal, and a binary signal  representing whether the voltage is
approximately +5 V is  output. In the example shown in Fig. 5, detection is
performed at the timings of 1, 3, 5, ... sec, as indicated by  



an arrow P4. For example, detection is performed at 1 sec  in the first
period from 0 to .2 sec. In the waveform chart  shown in part (D), the
signal has a voltage of approximately  +5 V, so that a signal representing
"voltage present" is  output. This signal is maintained until the next
detection. The next detection is performed at 3 sec. At this  time, the
signal in the waveform chart shown in part (D)  does not have a voltage of
approximately +5 V, so that a  signal representing "voltage absent" is
output. Similarly  to the above case, this signal is maintained until 5
sec,  which is the timing of the next detection. By performing  detection
in synchronization with the clock signal as  described above, (every)
detection can be performed at a  stable timing. Next, a specific circuit
configuration of the liquid  detecting circuit 20 will be described. Fig. 6
is a circuit  diagram of the liquid detecting circuit 20 according to this
embodiment. An AC-signal source V1 (21) in this embodiment uses a  signal
having an amplitude of 0 to 5 V and a frequency of 22 January 2007  27  250
kHz, which is used in a CMOS logic circuit. A capacitor Cl removes the DC
component in an AC signal  fed from the AC-signal source V1. The capacitor
Cl is  grounded via a resistor R1 having a resistance of 4.7 kQ.  



Furthermore, the capacitor C1 is connected to the switch 23  via a resistor
R4 having a resistance of 22 kQ. In this  circuit diagram, an impedance
network Zs is implemented by a  T-shaped circuit formed by the capacitor Cl
and the  resistors R1 and R4. Transistors Ql and Q2, in combination with
transistors  Q3 and Q4, form differential amplifiers, which compare a
signal detected by the detecting electrodes 26a to 26d  connected to the
base of the transistor Q3 with a threshold  (nearly -1 V with this
embodiment) preset at the base of the  transistor Q4, thereby detecting
change in the signal. Furthermore, the arrangement is such that a current
flows to the collector of the transistor Q4 only when the  base potential
of the transistor Q3 has dropped below that  of the transistor Q4.
Practically, a current flows only  when the signal applied for detection is
on the negative  side and is lower than the threshold value (i.e., when the
liquid is not in contact with the electrode units 26). Transistors Q5 and
Q6 cause a collector current of the  transistor Q4 to be inverted and the
inverted current to  flow to the collector of the transistor Q6, whereby a
22 January 2007  28 voltage is generated across a resistor R5 having a
resistance of 3.3 kS2. A voltage is generated across the  resistor R5 only
when it is determined that the electrode  



units 26 are not in contact with the liquid. With regard to the voltage
generated across the  resistor R5, the relationship between the collector
current  of the transistor Q6 and the resistor R5 is chosen so that  the
transistor Q6 can be saturated (at a maximum potential  of approximately 5
V). Thus, when a voltage is generated  across the resistor R5, a signal
that is sufficient for  detection by a DFF (D flip-flop) of a CMOS that
performs  next synchronous detection is fed to a D input terminal  thereof.
The. DFF receives, via a CLK input terminal thereof, a  clock signal
(detection signal) that is exactly the same as  the AC signal described
earlier, and carries out determination.  In Fig. 6, the AC signal output
from the AC-signal  source V1 and the input to the capacitor Cl and the
clock  signal input to the CLK input terminal of the DFF correspond  to the
signal represented by the waveform chart shown in  part (A) of Fig. 5. The
AC signal having passed through the  capacitor Cl, which does not include
the DC component,  correspond to the signal represented by the waveform
chart  shown in part (B) of Fig. 5. 22 January 2007  29  The signal input
from the electrode units 26 (Detector- Input) corresponds to the signal
represented by the waveform  



chart shown in part (C) of Fig. 5. The signal fed to the D  input terminal
of the DFF (Detector-Output) corresponds to  the signal represented by the
waveform chart shown in part  (D) of Fig. 5. The signal output from the DFF
(Phase- Detector-Output) corresponds to the signal represented by  the
waveform chart shown in part (E) of Fig. 5. Second Embodiment Fig. 7 is a
waveform chart showing a second embodiment  of the present invention, and
it corresponds to Fig. 5 for  the first embodiment. In the first
embodiment, the AC signal with a DC  component having been removed
therefrom is a rectangular  wave; whereas in the second embodiment, a sine
wave is used. In Fig. 7, an original signal output from the AC-signal
source 21 is a rectangular wave, as shown in part (A). This  signal is
converted, for example, through a low-pass filter,  into a sine (or like)
wave shown in part (B). The signal shown in part (B) is obtained by
converting  a rectangular wave into a sine (or like) wave and removing a
DC component from the sine wave. In part (A) of Fig. 7, as  compared with
part (A) of Fig. 5, the phase is shifted by  1/4, as indicated by P5. Thus,
the sine wave crosses 0 V at 22 January 2007  30  1, 2, 3, ... sec. Then,
detection is performed when the clock signal  



rises (when the sine wave reaches a minimum level). The  timing of
detection is indicated by an arrow P4, as in Fig.  5. In the case where a
sine wave is used, as compared with  the case where a rectangular wave is
used, advantageously,  the signal requires a narrower bandwidth, and
therefore, the  problem of undesired radiation can be alleviated.
Furthermore, since the waveform is not considerably affected  by the
environment and conditions (because of the nature of  the sine wave) during
detection, detection can be performed  appropriately even in a large-sized
apparatus in which the  distance to a detection point tend to be long.
Furthermore,  detection speed can be improved compared with the case where
a rectangular wave is used because of a use of a higher  clock frequency.
However, as described earlier, the sine  wave must be synchronized with the
system. It is also possible to use a low-pass filtered  rectangular wave.
In that case, the impedance (Zs) 22 is  implemented by a low-pass filter
and a resistor for  adjusting impedance. Third Embodiment Fig. 8 is a
circuit diagram showing a third embodiment 22 January 2007  31 of the
present invention, and it corresponds to Fig. 6 for  the first embodiment.
Fig. 9 is a waveform chart relating  



to the circuit diagram shown in Fig. 8, and it corresponds  to Fig. 5 for
the first embodiment. In the first embodiment, power sources of 5 V are
required, as shown in Fig. 6. In contrast, in the third  embodiment, only a
power source V2 of +5 V suffices to  achieve the same functions as the
first embodiment. In this circuit, the average voltage of measurement
equals the DC component of the clock signal. Thus, if a 5 V  power source
is used, measurement is performed at 2.5 V or  nearly as a center. For the
purpose of comparison, a DC  power source V3 of 2.2 V, connected to the
base of the  transistor Q2, is used. Furthermore, although all the nodes
23a of the switch  23 are connected to the detecting electrodes 26a to 26d
in  the first embodiment, a node 23a' that is connected to the  common
electrode 26e and is thereby grounded is additionally  provided in the
third embodiment. For example, when the power of the liquid detecting
apparatus 10 is off, the switch 23 is selectively connected  to the node
23a'. For example, when the liquid detecting apparatus 10 is  powered on or
off, the node 23a' is selected, whereby the  capacitor Cl is quickly
charged or discharged without 22 January 2007  32  causing a current to
flow through electrode units 26 that  



are in contact with the liquid. That is, immediately after  the liquid
detecting apparatus 10 is powered on or when the  liquid detecting
apparatus 10 is not in operation, a  potential difference remains between
each of the pairs of  electrodes (between the detecting electrodes 26a to
26d and  the common electrode 26e). The remaining potential .( ) difference
is reduced as time elapses. However, if this is  repeated many times, the
electrolysis of the liquid could  progress. Thus, in the third embodiment,
in order to avoid  this situation, the switch 23 is connected to the node
23a'  while the system is not ready for measurement by the liquid
detecting apparatus 10. Fourth Embodiment Fig. 10 is a circuit diagram
showing a fourth  embodiment of the present invention, and it corresponds
to  Fig. 6 for the first embodiment. Fig. 11 is a waveform  chart relating
to the circuit shown in Fig. 10, and it  corresponds to Fig. 5 for the
first embodiment. The circuit according to the fourth embodiment,
similarly to the third embodiment, uses a single power  source V2 of +5 V.
In the third embodiment, the DC power  source V3 of 2.2 V is used for
comparison and detection. In  contrast, in the fourth embodiment, a clock
signal having 22 January 2007  33  



passed through resistors R2 and R5, with a DC component  maintained as it
is, is applied equally to the bases of the  transistors Q1 and Q2 serving
as inputs to the threshold  detecting unit 24, and a threshold detection is
carried out  at approximately one half of the power-supply voltage, i.e.,
at 2.5 V. Furthermore, the base potential of the transistor Q1  must be
maintained higher by the threshold value, that is,  in this embodiment,
detection must be performed using  signals on one side of an intermediate
level. Thus, the  resistor R4 having a resistance of 220 kQ is used for a
slight voltage division, whereby the base potential of the  transistor Q2
is lowered. With the circuit configuration described above, stable
detection is allowed even if the power-supply voltage  fluctuates.
Furthermore, the signal voltage remaining at  the base of the transistor Q1
when the electrode units 26  are in contact with the liquid can be
virtually equal to the  signal voltage that is applied to the base of the
transistor  Q2, so that the output is hardly affected. That is, the SIN
ratio of detection can be improved (the dynamic range can be  increased).
In the waveform chart shown in Fig. 11, as will be  understood from part
(B) (Vb(Q1) - Vb(Q2)), the clock signal  V (Detector-Input) that appears
immediately below, which 22 January 2007  



34  attenuates in accordance with the ratio of the resistance of  the
signal-source resistor R2 (20 kQ) and the conduction  resistance of the
liquid as measured with an alternating  current (assumed to be 500 S2 in
this embodiment) , can, be  virtually cancelled, as indicated by P6
enclosed in a dotted  ellipse in part (B). In principle, the value of the
attenuated clock signal  can be virtually cancelled if the total of the
resistance of  the switch 23 and the conduction resistance of the electrode
units 26 in the liquid is equal to the resistance of the  resistor Rl
(82052 in this embodiment) Thus, it is possible  to use a variable resistor
for the resistor R1 to allow  adjustment in accordance with an actual
state. The embodiments described above exhibits the following  advantages:
(1) Since a complete cycle or several complete cycles  of an AC current
flows through the detecting electrodes 26a  to 26d, liquid is prevented
from ionization, serving to  avoid change in liquid characteristics. (2)
Electric signals are processed separately from the  containers T, and no DC
current flows and only a weak AC  current flows. Thus, the safety of a
system that deals with  aqueous liquid can be improved. (3) Measurements at
the individual electrode units 26 22 January 2007  



35 determine the presence or absence of electric connection  instead of
determining analog amounts. Thus, no adjustment  is needed, reliability is
improved, and the precision of  measurement is determined only by the
number of electrode  units 26 provided. (4) With the electrode units 26
provided for  measurement, only one liquid detecting circuit 20 suffices.
Thus, the liquid-amount detecting apparatus 10 can be  implemented simply
and inexpensively. (5) Since conduction resistance is lower compared with
DC detection, the area of the electrode units 26 can be made  small. Thus,
precise detection is allowed without occupying  a large space, and a large
number of electrode units 26 can  be disposed. (6) Since measurement can be
performed quickly compared  with DC detection, the speed. of measurement
and display as a  whole can be improved. (7) Since power consumption is
small, even a battery- powered operation is possible. (8) Since signals in
the audio to the AM frequency band  can be used, substantially no
particular measure is required  against undesired radiation. (9) Since the
operation of the single liquid detecting  circuit 20 suffices constantly
for all the detecting  electrodes 26a to 26d, the effect of mutual
cross-talks 



22 January 2007  36  during observation and detection can be substantially
eliminated. (10) Since a container T has to contain only the  electrode
units 26, the structure of the container T can be  simplified. Although the
present invention has been described in  the context of specific
embodiments, the present invention  is not limited to the embodiments
described herein, and  various modifications are possible, including the
following: (1) The liquid-amount detecting apparatuses 10  according to the
embodiments can be used in various  apparatuses for detecting and/or
displaying the presence or  absence of various liquids or the remaining
amount of  thereof in various containers T, without limitation to
detecting the remaining amount of ink in an ink-jet printer. (2) In the
embodiments described above, the remaining  amount of liquid in a container
T is represented by values  of "0" to "4". Alternatively, four LEDs may be
provided for  each container T, indicating the remaining amount of liquid
by turning the LEDs on or off. For example, when the liquid  is detected by
all the four electrode units 26, all the LEDs  are turned on. If the liquid
is detected by the lower three  electrode units 26 but not by the uppermost
electrode unit  26 (the detecting electrode 26a and the common electrode  



26e), three LEDs are turned on and one LED is turned off. 22 January 2007
37 If the liquid is detected by none of the LEDs, all the LEDs  are turned
off. (3) In the third and fourth embodiments, the node 23a'  that is
connected to the ground is provided as one of nodes  of the switch 23.
Alternatively, for example, the arrangement may be such that the switch 23
can be  disconnected from all the nodes. That is, the arrangement  may be
arbitrary as long as the detecting electrodes 26a to  26d can be
electrically disconnected. (4) In the embodiments, the presence or absence
of  liquid is detected by all the electrode units 26.  Alternatively, for
example, detection may be sequentially  .performed in a single container T
starting from the  uppermost electrode unit 26 (the detecting electrode 26a
and  the common electrode 26e), skipping detection of the  presence or
absence of the liquid by electrode units 26  below an electrode unit 26
with which the presence of the  liquid has been detected. Furthermore,
without limitation to detection of the  presence or absence of liquid or
the remaining amount of  liquid in a container T, liquid in other parts can
also be  detected. For example, when the apparatus is used in an  ink-jet
printer, electrode units 26 may be provided in a  



chamber (ink pool) disposed at the immediate upstream of a  printer head,
detecting the presence or absence of ink in 22 January 2007  38  the
chamber. Furthermore, in order to protect the printer  head, it is possible
to exercise control so as to stop  printing if it is determined that ink is
not present in the  chamber. (5) The impedance 22 for removing a DC
component in a  signal fed from the AC-signal source 21 can be implemented
by various elements, for example, one or more, capacitors or  resistors, or
a combination thereof. If the original signal  generated by the AC-signal
source 21 does not include a DC  component, the impedance 22 can be
implemented only by a  resistor. If a DC component needs to be removed, a
capacitor is connected in series with a resistor. (6) In the embodiments, a
plurality of electrode units  26 is provided in a single container T to
detect the  remaining amount of liquid in the container T.  Alternatively,
for example, a single electrode unit 26 may  be provided at the bottom of
the container T to detect only  the presence or absence of liquid.
According to the present invention, since a direct  current does not flow
through liquid, the characteristics of  the liquid do not change.
Furthermore, conduction  resistance can be made small. Furthermore,
detection speed  



can be increased. Furthermore, since the presence or absence of liquid is
determined by outputting a binary signal, digital processing 22 January
2007  39  is allowed, serving to improve the reliability of detection. 22
January 2007  40  CLAIMS:  1. A liquid detecting apparatus for detecting a
liquid  contained in at least one container, the liquid detecting
apparatus comprising: a liquid detecting circuit comprising an electrode
unit  formed by a pair of electrodes that is to be disposed in  contact at
least partially with the liquid in the container,  the pair of electrodes
being electrically connected to each  other when the pair of electrodes is
in contact with the  liquid; a source impedance; and an alternating-current
signal source; wherein the liquid detecting circuit inputs  an
alternating-current signal not containing a direct- current component to
the electrode unit through the source  impedance, outputs a signal
representing status of  electrical connection between the pair of
electrodes, and  outputs a binary signal representing the presence or
absence  of electrical connection between the pair of electrodes  based on
the output signal; and 



determining means for determining the presence or  absence of the liquid at
the electrode unit based on the  binary signal output from the liquid
detecting circuit. 2. A liquid-amount detecting apparatus for detecting
the amount of a liquid contained in at least one container, 22 January 2007
41  the liquid detecting apparatus comprising: a liquid detecting circuit
comprising an electrode unit  formed by a pair of electrodes that is to be
disposed in  contact at least partially with the liquid in the container,
the pair of electrodes being electrically connected to each  other when the
pair of electrodes is in contact with the  liquid; a source impedance; and
an alternating-current  signal source; wherein the liquid detecting circuit
inputs  an alternating-current signal not containing a direct- current
component to the electrode unit through the source  impedance, outputs a
signal representing status of  electrical connection between the pair of
electrodes, and  outputs a binary signal representing the presence or
absence  of electrical connection between the pair of electrodes  based on
the output signal; and determining means for determining the presence or
absence. of the liquid at the electrode unit based on the  binary signal
output from the liquid detecting circuit. 3. A detecting apparatus
according to Claim 1 or  



2, wherein the binary signal representing the presence  or absence of
electrical connection between the pair of  electrodes is output based on a
period of the alternating  signal generated by the alternating-current
signal source. 22 January 2007  42  4. A detecting apparatus according to
Claim 1, 2, or 3,  wherein the liquid detecting circuit generates a clock
signal for outputting the binary signal representing  the presence or
absence of electrical connection between the  pair of electrodes, and
exercises control so that the  alternating-current signal generated by the
alternating- current signal source and the clock signal will be
synchronized with each other. 5. A detecting apparatus according to any one
of the  preceding claims, wherein a plurality of the electrode  units is
provided in the single container and disposed at  a plurality of positions
in a direction of lowering of a  liquid surface in accordance with decrease
of the liquid  in the container, wherein the liquid detecting circuit
outputs binary signals representing the presence or  absence of electrical
connection between the respective  pairs of electrodes, and wherein the
determining means  determines, in a stepwise manner, the remaining amount
of  the liquid in the container based on the binary signals  associated
with the respective pairs of electrodes. 



6. A detecting apparatus according to any one of Claims 1  to 4, wherein a
plurality of the electrode units is  provided in the single container and
disposed at a plurality 22 January 2007  43  of positions in a direction of
lowering of a liquid surface  in accordance with decrease of the liquid in
the container,  wherein the liquid detecting circuit outputs, based on a
period of the alternating-current signal generated by the
alternating-current signal source, binary signals  representing the
presence or absence of electrical  connection between the respective pairs
of electrodes,  wherein the determining means determines, in a stepwise
manner, the remaining amount of the liquid in the container  based on the
binary signals associated with the respective  pairs of electrodes, and
wherein the alternating-current  signal source is connected to the
plurality of electrode  units such that a connection of the
alternating-current  signal source with one of the plurality of electrode
units  can be switched to a connection of the alternating-current  signal
source to another one of the plurality of electrode  units, the connection
between the alternating-current signal  source and the plurality of
electrode units being switched  in synchronization with the period of the
alternating- current signal. 



7. A detecting apparatus according to any one of the  Claims 1 to 4,
wherein a plurality of the electrode units is  provided in the single
container and disposed at a plurality  of positions in a direction of
lowering of a liquid surface 22 January 2007  44  in accordance with
decrease of the liquid in the container,  wherein the liquid detecting
circuit outputs binary signals  representing the presence or absence of
electrical connection between the respective pairs of electrodes,  wherein
the determining means determines, in a stepwise  manner, the remaining
amount of the liquid in the container  based on the binary signals
associated with the respective  pairs of electrodes, wherein the liquid
detecting circuit  generates a clock signal for outputting the binary
signals  representing the presence or absence of electrical  connection
between the respective pairs of electrodes, and  exercises control so that
the alternating-current signal  generated by the alternating-current signal
source and the  clock signal will be synchronized with each other, and
wherein the alternating-current signal source is connected  to the
plurality of electrode units such that a connection  of the
alternating-current signal source with one of the  plurality of electrode
units can be switched to a connection  of the alternating-current signal
source to another one of  the plurality of electrode units, the connection
between the  



alternating-current signal source and the plurality of  electrode units
being switched in synchronization with the  clock signal 8. A detecting
apparatus according to any one of the 22 January 2007  45  preceding
claims, wherein the electrode unit is provided a  in each of a plurality of
containers, and wherein the  liquid detecting circuit sequentially outputs,
by time  division, signals representing status of electrical  connection
between the respective pairs of electrodes in  the plurality of containers.
9. A detecting apparatus according to any one of Claims 1  to 7, wherein
the electrode unit of the liquid detecting  circuit is disposed inside the
container, and wherein parts  of the liquid detecting circuit other than
the electrode  unit, and the determining means, are disposed outside the
container. 10. A detecting apparatus according to any one of the  preceding
claims, wherein a plurality of the electrode unit is  provided, and wherein
impedance characteristics of the  plurality of electrode units are common
so as to facilitate  determination for binarization. 11. A detecting
apparatus according to any one of the  preceding claims, wherein the liquid
detecting circuits outputs  the binary signal representing the presence or
absence of  



electrical connection between the pair of electrodes using  at least one of
a positive-polarity signal and a negative 22 January 2007  46  polarity
signal of the alternating-current signal. 12. A detecting apparatus
according to any one of the  preceding claims, wherein the liquid detecting
circuit  is allowed to disconnect the alternating-current signal  source
from a node of the electrode unit to which the  alternating-current signal
is input from the  alternating-current signal source. 13. A detecting
apparatus according to Claim 12, wherein  the liquid detecting circuit is
allowed to connect the  alternating-current signal source to a grounding
point  or a connecting at certain potential. 14. A liquid detecting method
for detecting a liquid  contained in at least one container, wherein an
alternating- current signal not containing a direct-current component is
input from an alternating-current signal source to an  electrode unit
through a source impedance, the electrode  unit being formed by a pair of
electrodes that is to be  disposed in contact at least partially with the
liquid in  the container, the pair of electrodes being electrically
connected to each other when the pair of electrodes is in 22 January 2007
47  



contact with the liquid, wherein a signal representing  status of
electrical connection between the pair of  electrodes is output, wherein a
binary signal representing  the presence or absence of electrical
connection between the  pair of electrodes is output based on the output
signal, and  wherein the presence or absence of the liquid at the
electrode unit is determined based on the binary signal. 15. A
liquid-amount detecting method for detecting an  amount of a liquid
contained in at least one container,  wherein an alternating-current signal
not containing a  direct-current component is input from an alternating-
current signal source to an electrode unit through a source  impedance, the
electrode unit being formed by a pair of  electrodes that is to be disposed
in contact at least  partially with the liquid in the container, the pair
of  electrodes being electrically connected to each other when  the pair of
electrodes is in contact with the liquid,  wherein a signal representing
status of electrical  connection between the pair of electrodes is output,
wherein  a binary signal representing the presence or absence of
electrical connection between the pair of electrodes is  output based on
the output signal, and wherein the presence  or absence of the liquid at
the electrode unit is determined  based on the binary signal. 22 January
2007  48  



16. A detecting method according to Claim 14 or  15, wherein the binary
signal representing the presence  or absence of electrical connection
between the pair of  electrodes is output based on a period of the
alternating signal generated. by the alternating-current  signal source.
17. A detecting method according to Claim 14, 15  or 16, wherein a clock
signal for outputting the binary  signal representing the presence or
absence of electrical  connection between the pair of electrodes is
generated, and  wherein control is exercised so that the
alternating-current  signal generated by the alternating-current signal
source  and the clock signal will be synchronized with each other. 18. A
detecting method according to any one of  Claims 14 to 17, wherein a
plurality of the electrode units is  provided in the single container and
disposed at a plurality  of positions in a direction of lowering of a
liquid surface  in accordance with decrease of the liquid in the container,
wherein binary signals representing the presence or absence  of electrical
connection between the respective pairs of  electrodes are output, and
wherein the remaining amount of  the liquid in the container is determined
in a stepwise 22 January 2007  49  manner based on the binary signals
associated with the  respective pairs of electrodes. 



22 January 2007  50  LIQUID DETECTING APPARATUS, LIQUID-AMOUNT DETECTING
APPARATUS, LIQUID DETECTING METHOD, AND LIQUID-AMOUNT  DETECTING METHOD
ABSTRACT OF THE DISCLOSURE A liquid-amount detecting apparatus detects the
amount  of a liquid in containers. The liquid-amount detecting  apparatus
includes a liquid detecting circuit and a  determining unit. The liquid
detecting circuit includes  electrode units disposed so as to be in contact
with the  liquid in the containers, which becomes electrically  conductive
when in contact with the liquid, an impedance,  and an AC-signal source. An
AC signal not containing a DC  component is input from the AC-signal source
to the  electrode units through the source impedance, and a signal H
representing the status of electric connection of the  electrode units is
output. Furthermore, based on the output  signal, a binary signal
representing the presence or absence  of electrical connection of the
electrode units is output.  The determining unit determines the presence or
absence of.  the liquid at the electrode units based on the binary signal
output from the liquid detecting circuit. Fig. 4 -----------  




