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57 ABSTRACT 

A remaining battery energy indicating instrument with a 
reduced integration error even if a battery is repeatedly 
charged and discharged without being fully discharged. A 
remaining battery energy indicating instrument has a detect 
ing member for detecting a predetermined discharged time 
and a predetermined fully charged time of a battery for 
Storing electric energy, an integrating member for integrat 
ing electric energy which has been charged and discharged, 
while regarding as an integrated value a value corresponding 
to an amount of electric energy Stored in the battery at the 
predetermined discharged time and the predetermined fully 
charged time when the predetermined discharged time and 
the predetermined fully charged time are reached. A display 
device is provided for displaying the absolute value of a 
remaining amount of electric energy Stored in the battery 
based on an output signal from Said integrating member. 

20 Claims, 7 Drawing Sheets 
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REMAINING BATTERY ENERGY 
INDICATING INSTRUMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a remaining battery 

energy indicating instrument for a battery for Storing electric 
energy. More particularly, to a remaining battery energy 
indicating instrument for integrating an amount of electric 
energy which has been charged and discharged, with respect 
to a predetermined discharged time and a predetermined 
fully charged time, thereby to reduce an integration error. 

2. Description of Background Art 
One conventional remaining battery energy device, as 

disclosed in Japanese Patent Laid-open No. Sho 59-5975, 
provides an indicating instrument for a battery which inte 
grates electric energy which has been charged and 
discharged, with respect to a reference value which is the 
amount of electric energy at the time the discharging of the 
battery is completed, and displays the remaining amount of 
electric energy. 
One energy display Scheme is an absolute value display 

proceSS which displays the absolute value of a remaining 
amount of electric energy with respect to a graduation which 
corresponds to a predetermined amount of electric energy, 
e.g., of 0.8 Ah. 

Another energy display arrangement is a relative value 
display proceSS which displays the relative value of a 
remaining amount of electric energy in ratioS with respect to 
a battery capacity of 100%, the ratios being indicated by 
graduations each representing 20%. 

SUMMARY AND OBJECTS OF THE 
INVENTION 

The capacity of batteries vary due to repeated charging 
and discharging cycles and aging. According to the absolute 
value display proceSS, when the battery capacity is large, 
each graduation corresponds to 1. Ah, for example, and the 
amount of electric energy corresponding to each graduation 
is reduced slowly. When the battery capacity is small, on the 
other hand, each graduation corresponds to 0.8 Ah, for 
example, and the amount of electric energy corresponding to 
each graduation is reduced quickly. 

Therefore, the relative value display proceSS has a disad 
Vantage in that the user of an electrically operated apparatus 
which uses Such a battery as an energy power Source is 
unable to recognize easily the remaining operating time or 
work of the electrically operated apparatus from the gradu 
ated display of the remaining amount of electric energy. For 
example, the driver of an electric Vehicle cannot estimate the 
distance which the electric vehicle can travel from the 
graduated display of the remaining amount of electric 
energy. 
The remaining battery energy indicating instrument 

which integrates electric energy which has been charged and 
discharged, with respect to a reference value which is the 
amount of electric energy at the time the discharging of the 
battery is completed, and displays a remaining amount of 
electric energy can accurately display the remaining amount 
of electric energy if the battery is to be charged from the 
discharge-completed time when the battery is used up. 
However, if the battery is repeatedly charged and discharged 
though it still Stores a remaining amount of electric energy, 
then the remaining battery energy indicating instrument 
Suffers an integration error, and may not be able to accu 
rately display the remaining amount of electric energy. 
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This is because the integrated value representing the 

history of the battery and corresponding to the remaining 
amount of electric energy tends to be inaccurate due to 
various corrective factors. Therefore, the conventional 
remaining battery energy indicating instrument, if used with 
an electrically operated apparatus which does not use up the 
electric energy Stored in the battery in each work cycle, is 
problematic in that integration errors are accumulated, mak 
ing it difficult to recognize a present accurate remaining 
amount of electric energy Stored in the battery and a remain 
ing operating time, etc. of the electrically operated appara 
tuS. 

For example, the remaining conventional battery energy 
indicating instrument, if used with a power-assisted bicycle 
or an electric vehicle which does not use up the electric 
energy Stored in the battery in each work cycle, undergoes 
a shortcoming in that integration errors are accumulated, 
making it difficult for the user to recognize a present 
accurate remaining amount of electric energy Stored in the 
battery and the distance which the bicycle or the electric 
vehicle can travel. 

Electric energy Such as an electric charge, electric current, 
electric power, or the like is integrated based on the electric 
current that flows into or out of the battery. Therefore, even 
if a battery charger is connected to the battery and the battery 
is actually fully charged, any electric current that flows into 
the battery is further integrated, causing the integrated value 
to fail to represent the actually charged amount of electric 
energy. 
One meter for displaying the remaining amount of electric 

energy Stored in a battery comprises a moving-coil meter 
which displays the remaining amount of electric energy with 
an indicating pointer. The moving-coil meter cannot be 
reduced in size because it needs a Space in which the 
indicating pointer turns. 

This problem manifests itself if the battery is used as a 
removable battery on a power-assisted bicycle for which the 
appearance is important and which has a limited area for the 
installation of the meter. 

The present invention has been made in an effort to solve 
the above problems. A first object of the present invention is 
to display a remaining amount of electric energy Stored in a 
battery with a reduced integration error even if the battery is 
repeatedly charged and discharged without being fully dis 
charged in each cycle. 
A Second object of the present invention is to minimize an 

integration error when a battery is fully discharged even if 
an electric current flows into the battery from a battery 
charger that is connected to the battery when it is fully 
discharged. 
A third object of the present invention is to display the 

remaining amount of electric energy Stored in a battery 
without being affected by changes in the capacity of the 
battery. 

Another object of the present invention is to provide a 
remaining battery energy indicating instrument capable of 
displaying the remaining amount of electric energy Stored in 
a battery while occupying a Small space. 
The remaining battery energy indicating instrument 

according to the present invention includes a detecting 
means for detecting a predetermined discharged time and a 
predetermined fully charged time of a battery for Storing 
electric energy, integrating means for integrating electric 
energy which has been charged and discharged, while 
regarding as an integrated value a value corresponding to an 
amount of electric energy Stored in the battery at the 
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predetermined discharged time and the predetermined fully 
charged time when the predetermined discharged time and 
the predetermined fully charged time are reached. Display 
means are provided for displaying the absolute value of a 
remaining amount of electric energy Stored in the battery 
based on an output Signal from the integrating means. 

Since the integrating means integrates the electric energy 
with respect to the fully charged time when the battery is 
charged or discharged from the fully charged time, and 
integrates the electric energy with respect to the discharged 
time when the battery is charged or discharged from the 
discharged time, the integrating means can Start integrating 
the electric energy which has been charged and discharged 
from an accurate integrated value at the fully charged time 
or discharged time. 

Therefore, an integration error may be reduced as com 
pared to only using the discharge completion time as a 
reference in a battery which is fully charged more often than 
fully discharged. 

Since the display means displays the absolute value of the 
remaining amount of electric energy Stored in the battery 
based on an output signal from the integrating means, the 
user of an electrically operated apparatus which uses the 
battery as an energy power Source is able to recognize easily 
the remaining operating time or the like of the electrically 
operated apparatus. 

In a remaining battery energy indicating instrument 
according to the present invention, the integrating means 
Stops integrating the electric energy when the detecting 
means detects the amount of electric energy Stored in the 
battery as being equal to or greater than the amount of 
electric energy Stored in the battery at the fully charged time. 

Even if a battery charger remains connected to the battery 
for a long period of time while the battery is being fully 
charged and an electric current flows into the battery, the 
integrated value is fixed to a value which corresponds to the 
amount of charged electric energy at the fully charged time. 
An error of the integrated value in the fully charged State is 
thus held to a value equal to or Smaller than the difference 
between the amount of charged electric energy at the fully 
charged time and the battery capacity. 

In a remaining battery energy indicating instrument 
according to the present invention, the display means com 
prises a bar-graph meter for displaying an amount of electric 
energy equal to or Smaller than the amount of electric energy 
Stored in the battery at the fully charged time. 

The display means displays an amount of electric energy 
equal to or Smaller than the amount of electric energy Stored 
in the battery at the predetermined fully charged time. 
Therefore, even when the capacity of the battery varies in a 
range equal to or greater than the amount of electric energy 
at the fully charged time, the display means can display the 
remaining amount of electric energy Stored in the battery 
without being affected by the variation. 

Inasmuch as the remaining amount of electric energy in 
the battery is displayed with a bar-graph meter, the Space 
required for display is Small in size, and the user of an 
electrically operated apparatus can visually recognize 
quickly an approximate value of the remaining amount of 
electric energy in the battery. The user can easily recognize 
the remaining operating time of the electrically operated 
apparatus before or while the electrically operated apparatus 
operates. 

In a battery according to the present invention, a remain 
ing battery energy indicating instrument includes a battery 
for Storing electric energy for producing power for an 
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electrically-operated vehicle. Therefore, an integration error 
may be considerably Smaller than if only the discharge 
completion time is used as a reference in the battery which 
is fully charged more often than fully discharged. 

Since the display means displays the absolute value of the 
remaining amount of electric energy in the battery, the driver 
of an electric vehicle can easily recognize the distance that 
the electric vehicle can travel before or while the driver 
drives the electric vehicle. 

If the remaining amount of electric energy in the battery 
is displayed by a bar-graph meter, then the Space required for 
display is Small in size. Therefore, a Space for installing the 
remaining battery energy indicating instrument according to 
the present invention can easily be kept in an electric Vehicle 
which has a limited area for the installation of the meter. 

For example, a Space for installing the remaining battery 
energy indicating instrument according to the present inven 
tion can easily be kept in a detachable battery or a battery 
case assembly on a power-assisted bicycle for which the 
appearance is important and which has a limited area for the 
installation of the meter. 

If the remaining amount of electric energy in the battery 
is displayed by a bar-graph meter, then the driver of the 
electric Vehicle can visually recognize quickly an approxi 
mate value of the remaining amount of electric energy in the 
battery, and can easily recognize the distance that the electric 
vehicle can travel while the driver is driving the electric 
vehicle. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illus 
tration only, and thus are not limitative of the present 
invention, and wherein: 

FIG. 1 is a block diagram of a remaining battery energy 
indicating instrument according to the present invention; 

FIG. 2 is a diagram showing remaining energy display 
characteristics of the remaining battery energy indicating 
instrument according to the present invention; 

FIG. 3 is a diagram showing the manner in which a 
remaining amount of energy is displayed by the remaining 
battery energy indicating instrument according to the present 
invention; 

FIG. 4 is a diagram showing the relationship between the 
charged amount of electric energy in a battery and the 
temperature of the battery; 

FIG. 5 is a diagram showing the relationship between the 
Voltage acroSS the battery and the remaining amount of 
electric energy in the battery; 

FIG. 6(a) is a diagram illustrative of the discharge rate 
correction process, 

FIG. 6(b) is a diagram illustrative of the self-discharge 
correction process, 

FIG. 6(c) is a diagram illustrative of the temperature 
correction; 
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FIG. 7 is a view of a power-assisted bicycle; 
FIG. 8 is a view of a battery case assembly of the 

power-assisted bicycle, and 
FIG. 9 is a view showing a layout of the remaining battery 

energy indicating instrument according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention will hereinafter be described below 
based on an embodiment shown in the drawings. AS shown 
in FIG. 1, a remaining battery energy indicating instrument 
1 according to the present invention comprises a detecting 
means 3 for detecting a predetermined discharged time and 
a predetermined fully charged time of a battery 2 for Storing 
electric energy for a power-assisted bicycle. An integrating 
means 4 is provided for integrating electric energy which has 
been charged and discharged, while regarding as an inte 
grated value a value corresponding to an amount of electric 
energy Stored in the battery at the predetermined discharged 
time and the predetermined fully charged time when the 
predetermined discharged time and the predetermined fully 
charged time are reached. A display means 5 is provided for 
displaying the absolute value of a remaining amount of 
electric energy Stored in the battery based on an output 
Signal from the integrating means 4. 

The remaining battery energy indicating instrument 1 also 
has a resistor R, a diode D, a fuse FS, and connectorS 6a, 7a. 

The battery 2 has a negative terminal connected through 
the resistor R to a terminal of the connector 7a and a terminal 
of the connector 6a. The battery 2 has a positive terminal (+) 
connected through the fuse FS to another terminal of the 
connector 7a and through the diode D to another terminal of 
the connector 6a. 

The detecting means 3 detects (E (empty) detection) the 
predetermined discharged time from the Voltage across the 
battery 2, and outputs a detected-Signal indicative of the 
predetermined discharged time to the integrating means 4. 
The detecting means 3 also detects (F (full) detection) the 
predetermined fully charged time from the temperature of 
the battery 2, and outputs a detected Signal indicative of the 
predetermined fully charged time to the integrating means 4. 
For example, the detecting means 3 comprises a comparator 
for comparing the Voltage acroSS the battery 2 and a preset 
Voltage, and a temperature Sensor. 

The detecting means 3 may compare a digital value 
converted from the Voltage acroSS the battery 2 through an 
A/D converter, with a preset value to detect the predeter 
mined discharged time. 

In response to the detected Signal from the detecting 
means 3, the integrating means 4 regards as an integrated 
value a value corresponding to an amount of electric energy 
Stored in the battery at the predetermined discharged time 
and the predetermined fully charged time, and integrates an 
electric current as electric energy which has been charged 
and discharged. The integrated value is produced by inte 
grating the electric current with respect to time, and is 
expressed in Ah (ampere-hour). 

The electric current flowing into or out of the battery 2 is 
converted into a voltage by the resistor R for detection. For 
example, the integrating means 4 comprises an A/D con 
verter for converting the analog Voltage across the resistor R 
into a digital value, and a microcomputer having an inte 
grating function. 

The integrating means 4 may comprise an analog inte 
grating circuit comprising a capacitor, a resistor, and an 
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6 
operational amplifier. The display means 5 comprises a 
bar-graph meter and has a plurality of display elements 
51-55 for displaying an amount of electric energy equal to 
or Smaller than the amount of electric energy Stored in the 
battery 2 at the fully charged time. Each of the display, 
elements 51-55 comprises an LED. 
The display means 5 also has graduations. 5a marked with 

respective numerical values 0Ah, 0.8Ah, 1.6Ah, 2.4 Ah, 3.2 
Ah, and 4.0 Ah. The amount of electric energy Stored in the 
battery 2 at the fully charged time is 4.0 Ah. 

The display means 5 displays the absolute value of the 
remaining amount of electric energy Stored in the battery 2 
through energization of the LEDs of the display elements 
51-55 based on an output signal representative of an inte 
grated value from the integrating means 4. For example, the 
display means 5 has an LED matrix control circuit for 
energizing or blinking the LEDS. 
A motor 8 has a negative terminal (-) connected to a 

terminal of the connector 7b and a positive terminal con 
nected to another terminal of the connector 7b. The connec 
tors 7a, 7b are so shaped as to be complementarily fitted with 
each other. Power for an electrically operated vehicle such 
as a power-assisted bicycle is Supplied from the motor 8. 
A battery charger 9 has a negative terminal connected to 

a terminal of the connector 6b and a positive terminal (+) 
connected to another terminal of the connector 6b. The 
connectorS 6a, 6b are So shaped as to be complementarily 
fitted with each other. 

In FIGS. 3 and 2, the LEDs are energized or blinked as 
follows: 

The LED of the display element 51 is blinked when the 
remaining amount of electric energy stored in the battery 2 
is greater than 0.0 Ah and equal to or smaller than 0.5 Ah. 
The LED of the display element 51 is energized when the 

remaining amount of electric energy Stored in the battery 2 
is greater than 0.5 Ah and equal to or smaller than 0.8 Ah. 
The LED of the display element 52 is energized when the 

remaining amount of electric energy Stored in the battery 2 
is greater than 0.8 Ah and equal to or Smaller than 1.6 Ah. 
The LED of the display element 53 is energized when the 

remaining amount of electric energy Stored in the battery 2 
is greater than 1.6 Ah and equal to or Smaller than 2.4 Ah. 
The LED of the display element 54 is energized when the 

remaining amount of electric energy Stored in the battery 2 
is greater than 2.4 Ah and equal to or Smaller than 3.2 Ah. 
The LED of the display element 55 is energized when the 

remaining amount of electric energy Stored in the battery 2 
is greater than 3.2 Ah and equal to or Smaller than 4.0 Ah. 

If the distance that the power-assisted bicycle can travel 
is 3 km/0.8 Ah, then the energization of one LED is 
converted into one graduation, i.e., 3 km/graduation, allow 
ing the user to recognize the distance that the power assisted 
bicycle can travel easily from the displayed remaining 
amount of electric energy Stored in the battery 2 based on a 
proportional relationship. 
The LED of the display element 55 is also energized when 

the remaining amount of electric energy Stored in the battery 
2 is greater than 4.0 Ah and equal to or Smaller than 5.0 Ah. 
The amount of electric energy Stored in the battery 2 at the 
fully charged time is 4.0 Ah, and when the amount of 
charged electric energy ranges from 4.0 to 5.0 Ah, the 
battery 2 is in a fully charged State. 

Even when the battery capacity or the chargeable capacity 
of the battery in each cycle varies in the range from 4.0 to 
5.0 Ah, the uppermost display element 55 for displaying the 
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fully charged State can absorb the variation and display the 
fully charged State. 

After the battery 2 starts being charged from a fully 
discharged State, the temperature of the battery 2 increases 
as it approaches the fully charged State. When the rate of 
increase of the temperature or the temperature reaches a 
predetermined value (F detection temperature), then the 
detecting means 3 detects the fully charged State, and also 
detects the time at which the fully charged State is detected 
as a predetermined fully charged time (F detection time). 
The relationship between the charged amount of electric 
energy in the battery and the temperature of the battery is 
shown in FIG. 4. The letter F in FIG. 4 corresponds to 4.0 
Ah. 
When the battery 2 is charged closely to the battery 

capacity, even if an electric current flows from the battery 
charger 9 into the battery 2, the electric energy carried by the 
electric current is Substantially not charged in the battery 2. 

Therefore, when the detecting means 3 detects the amount 
of electric energy Stored in the battery 2 as being equal to or 
greater than the amount of electric energy Stored in the 
battery 2 at the fully charged time, the integrating means 4 
receives a detected Signal indicative of that State, Stops 
integrating the electric current, and Substitute the amount of 
charged electric energy at the fully charged time as a 
reference value into the integrated value, making the inte 
grated value equal to 4.0. 

Consequently, even if the battery charger remains con 
nected to the battery 2 for a long period of time while the 
battery 2 is being fully charged, the integrated value corre 
sponds to the amount of charged electric energy at the fully 
charged time. An error of the integrated value in the fully 
charged State is thus held to a value equal to or Smaller than 
the difference between the battery capacity and the amount 
of charged electric energy at the fully charged time. 
When the battery 2 is discharged through energization of 

the motor 8, the integrating means 4 Subtracts a discharged 
amount of electric energy from the integrated value. 
When the battery 2 is gradually discharged from the fully 

charged State, Since the amount of electric energy Stored in 
the battery 2 at the fully charged time is used as an integrated 
time when the fully charged time is reached and the electric 
current starts being integrated when the amount of electric 
energy Stored in the battery 2 becomes Smaller than the 
amount of electric energy Stored in the battery 2 at the fully 
charged time, the amount of electric energy can Start being 
integrated from the accurately integrated value. 
When the battery 2 is further discharged, the displayed 

graduations are gradually reduced until only the LED of the 
display element 51 is energized. When the voltage across the 
battery 2 reaches a predetermined value (E detection 
voltage), the detecting means 3 detects that the discharging 
completion is close, and also detects the time at which the 
discharging completion is close as the predetermined dis 
charged time (E detection time). 

The LED of the display element 51 Switches to blinking, 
and the integrated value is Set to the amount of electric 
energy Stored in the battery 2 at the predetermined dis 
charged time, i.e., 0.5. The relationship between the Voltage 
acroSS the battery 2 and the remaining amount of electric 
energy in the battery 2 is shown in FIG. 5. The letter E in 
FIG. 5 corresponds to 0.5 Ah. 
The electric current that is integrated (added or 

Subtracted) may be corrected based on the temperature of the 
battery or the like. It may be corrected by a discharge rate 
correction process, a Self-discharge correction process, or a 
temperature correction process. 
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FIG. 6(a) is a diagram illustrative of the discharge rate 

correction process. According to the discharge rate correc 
tion process, the electric current is counted as a larger value 
as the electric current discharged from the battery 2 is 
greater. 

FIG. 6(b) is a diagram illustrative of the self-discharge 
correction process. When the battery 2 is charged and then 
left to Stand, the battery 2 is Self-discharged. According to 
the Self-discharge correction process, the amount of Self 
discharged electric energy is Subtracted from the integrated 
value. 

FIG. 6(c) is a diagram illustrative of the temperature 
correction process. According to the temperature correction 
process, the temperature of the battery is detected to correct 
the integrated value based thereon. 
When the temperature of the battery is lower, the inte 

grated value is estimated as being Smaller. The remaining 
battery energy indicating instrument may be simple in 
Structure Since it integrates the electric current without 
taking into account variations in the Voltage. The remaining 
battery energy indicating instrument is Suitable for use on a 
Small-size electrically operated vehicle in particular. 

FIG. 7 is a view of a power-assisted bicycle 21 with a 
battery 30 connected thereto. FIG. 8 is a view of a battery 
case assembly 30 of the power-assisted bicycle. FIG. 9 is a 
croSS-Sectional view of an upper portion of the battery case 
assembly 30 shown in FIG. 8 with a handle 38 being 
connected thereto. 
AS illustrated in FIG. 9, a remaining battery energy 

indicating instrument is incorporated in the battery case 
assembly 30, and batteries 2 are fitted in a fixed arrangement 
in a battery case 11 to which a circuit board 16 is secured. 
Information displayed by the display elements 51-55 is 
Visible on a Surface of the battery case 11, and a display 
button 13 is disposed on the surface of the battery case 11. 
To Suppress electric power consumption, the remaining 
amount of electric energy Stored in the batteries 2 is dis 
played by the display elements 51-55 when the display 
button 13 is pressed. A PVC film 12 is bonded to the surface 
of the battery case 11 over the display elements 51-55 which 
are fixedly mounted on the circuit board 16 and the upper 
surface of the display button 13. 
The circuit board 16 and the integrating means (not 

shown) are connected to each other by a coupler 14 and a 
harneSS 15. The remaining battery energy indicating instru 
ment is incorporated in the battery case assembly 30 which 
is removable from the power-assisted bicycle, So that the 
remaining amount of electric energy Stored in the batteries 
2 can be monitored on the battery case assembly 30 alone. 

The battery case assembly 30 may be detached from the 
power-assisted bicycle and brought indoors for charging the 
batteries 2. Even if the battery case assembly 30 is posi 
tioned on the power-assisted bicycle or removed from the 
power-assisted bicycle, the remaining amount of electric 
energy Stored in the batteries 2 can be displayed. The 
detecting means may have a Rom therein which Storestables 
of data of the characteristics shown in FIGS. 4 and 5. The 
integrating means may have a ROM therein which Stores a 
table of data of the characteristics shown in FIG. 6. 
The amounts of electric energy Stored in the battery at the 

predetermined discharged time and the predetermined fully 
charged time may be inputted in advance to the integrating 
means. The display elements 51-55 may comprise LCDs 27 
rather than the LEDs. 

In the remaining battery energy indicating instrument 
according to the present invention, the display means may 
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comprise a digital display unit, or LEDs or LCDs for 
displaying a circular graph or a moving-coil meter. While 
the remaining battery energy indicating instrument for a 
battery which Stores electric energy for producing power for 
a power-assisted bicycle has been described in the illustrated 
embodiment, the present invention may be applied to a 
remaining battery energy indicating instrument for a battery 
which Stores electric energy for producing power for an 
electrically operated apparatuS Such as an electric vehicle, an 
electric Scooter, or the like. 

In the future, the present invention may be applied to a 
remaining battery energy indicating instrument for a battery 
which Stores electric energy for Storing electric energy for 
producing power for a motorboat. 

The illustrated embodiment is only an embodiment of the 
present invention, and the present invention is not limited to 
the illustrated embodiment. 
A remaining battery energy indicating instrument accord 

ing to the present invention includes a detecting means, an 
integrating means, and a display means, as described above. 
Since the integrating means integrates electric energy, with 
regard to an integrated value a value corresponding to an 
amount of electric energy Stored in the battery at the F 
detection time and the E detection time when the F detection 
time and the E detection time are reached, an integration 
error may be Smaller than if only the discharge completion 
time is used as a reference in the battery which is fully 
charged more often than fully discharged. 

The remaining battery energy indicating instrument is 
capable of accurately displaying the absolute value of the 
amount of electric energy Stored in the battery (the remain 
ing amount of electric energy in the battery) from the F 
detection time to the E detection time. For example, if the 
battery capacity or its rated value is 5 Ah, the amount of 
electric energy Stored in the battery at the F detection time 
is 80% (4 Ah) thereof, and the amount of electric energy 
stored in the battery at the E detection time is 10% (0.5Ah) 
thereof, then the remaining battery energy indicating instru 
ment is effective in accurately displaying the absolute value 
of the remaining amount of electric energy Stored in the 
battery between the F and E detection times. 

If the integrating means Starts integrating electric energy, 
using as an integrated value a value corresponding to the 
amount of electric energy Stored in the battery at the F 
detection time, then the integrating means may be Simpler in 
arrangement than if it started integrating electric energy, 
using as integrated values a plurality of values correspond 
ing to respective amounts of charged electric energy in a 
fully charged State. 

This is because the detecting means is not required to 
output a specific amount of electric energy Stored in the 
battery at the F detection time to the integrating means. 

If the integrating means Starts integrating electric energy, 
using as an integrated value a constant value corresponding 
to the amount of electric energy Stored in the battery at the 
F detection time, then the integrating means may provide a 
higher accuracy of display of the remaining amount of 
electric energy stored in the battery from the F detection 
time to the E detection time, than if it started integrating 
electric energy, using as integrated values a plurality of 
values corresponding to respective amounts of charged 
electric energy in a fully charged State. 

This is because the integrating means does not accumulate 
integration errors due to corrective factors from the respec 
tive amounts of charged electric energy in the fully charged 
State to the amount of electric energy Stored in the battery at 
the F detection time. 
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Since the display means displays the absolute value of the 

remaining amount of electric energy Stored in the battery 
based on an output signal from the integrating means, the 
user of an electrically operated apparatus which uses the 
battery as an energy power Source is able to recognize easily 
the remaining operating time or the like of the electrically 
operated apparatus. 

In an remaining battery energy indicating instrument 
according to the present invention, the integrating means 
Stops integrating the electric energy when the detecting 
means detects the amount of electric energy Stored in the 
battery as being equal to or greater than the amount of 
electric energy Stored in the battery at the fully charged time. 
Therefore, even if a battery charger remains connected to the 
battery for a long period of time while the battery is being 
fully charged and an electric current flows into the battery, 
the integrated value is fixed to a value which corresponds to 
the amount of charged electric energy at the fully charged 
time. An error of the integrated value in the fully charged 
State is thus held to a value equal to or Smaller than the 
difference between the amount of charged electric energy at 
the fully charged time and the battery capacity. For example, 
the remaining battery energy indicating instrument is effec 
tive in displaying the remaining amount of electric energy 
Stored in the battery as a digital value. 

In an remaining battery energy indicating instrument 
according to the present invention, the display means dis 
plays an amount of electric energy equal to or Smaller than 
the amount of electric energy Stored in the battery at the 
predetermined fully charged time. Therefore, even when the 
capacity of the battery varies in a range equal to or greater 
than the amount of electric energy at the fully charged time, 
the display means can display the remaining amount of 
electric energy Stored in the battery without being affected 
by the variation. 
An uppermost display element for displaying the fully 

charged State can absorb a variation in the battery capacity 
or the chargeable capacity of the battery in each cycle, and 
display the fully charged state. Therefore, in the fully 
charged State, all display elements display the amount of 
electric energy in the battery at all times, preventing the 
battery from being charged in the fully charged State and 
wasting time. This prevents an upper from failing to display 
the amount of electric energy in the battery even if the 
battery is in the fully charged State, and also prevents a 
battery charger from excessively charging the battery and 
wasting time. 

Inasmuch as the remaining amount of electric energy in 
the battery is displayed with a bar-graph meter, the Space 
required for display is Small in size, and the user of an 
electrically operated apparatus can visually recognize 
quickly an approximate value of the remaining amount of 
electric energy in the battery. The user can easily recognize 
the remaining operating time of the electrically operated 
apparatus before or while the electrically operated apparatus 
operates. 
The remaining battery energy indicating instrument 

according to the present invention is applied to a battery for 
Storing electric energy for producing power for an electri 
cally operated vehicle. Therefore, an integration error may 
be considerably Smaller than if only the discharge comple 
tion time is used as a reference in the battery which is fully 
charged more often than fully discharged. 

Since the display means displays the absolute value of the 
remaining amount of electric energy in the battery, the driver 
of an electric vehicle can easily recognize the distance that 
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the electric vehicle can travel before or while the driver 
drives the electric vehicle. 

If the remaining amount of electric energy in the battery 
is displayed by a bar-graph meter, then the Space required for 
display is Small in size. Therefore, a Space for installing the 
remaining battery energy indicating instrument according to 
the present invention can easily be kept in an electric Vehicle 
which has a limited area for the installation of the meter. For 
example, a Space for installing the remaining battery energy 
indicating instrument according to the present invention can 
easily be kept in a detachable battery or a battery case 
assembly on a power-assisted bicycle for which the appear 
ance is important and which has a limited area for the 
installation of the meter. 

If the remaining amount of electric energy in the battery 
is displayed by a bar-graph meter, then the driver of the 
electric Vehicle can visually recognize quickly an approxi 
mate value of the remaining amount of electric energy in the 
battery, and can easily recognize the distance that the electric 
vehicle can travel while the driver is driving the electric 
vehicle. This offers a particularly great advantage because 
the driver can recognize quickly the remaining amount of 
electric energy in the battery while driving the electric 
vehicle at a high Speed. 

If the bar-graph meter comprises LEDs (light-emitting 
diodes) or light-emitting LCDS (liquid crystal or liquid 
crystal display), the user can confirm the remaining amount 
of electric energy in the battery and the charged amount of 
electric energy in the battery while on a road at night or in 
a dark place. 

According to the present invention, as described above, 
the remaining battery energy indicating instrument Suffers a 
reduced integration error and is highly convenient to use 
even if the battery is repeatedly charged and discharged 
without being fully discharged. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the Spirit and Scope 
of the invention, and all Such modifications as would be 
obvious to one skilled in the art are intended to be included 
within the Scope of the following claims. 
What is claimed is: 
1. A remaining battery energy indicating instrument com 

prising: 
a detecting means for detecting a predetermined dis 

charged time and a predetermined fully charged time of 
a battery for Storing electric energy; 

an integrating means for integrating the amount of electric 
energy which has been charged and discharged, Said 
integrating means utilizing an integrated value corre 
sponding to an amount of electric energy Stored in the 
battery at the predetermined discharged time and the 
predetermined fully charged time when the predeter 
mined discharged time and the predetermined fully 
charged time are reached; and 

a display means for displaying the absolute value of a 
remaining amount of electric energy Stored in the 
battery based on an output signal from Said integrating 
CS. 

2. The remaining battery energy indicating instrument 
according to claim 1, wherein Said integrating means Stops 
integrating the electric energy when Said detecting means 
detects the amount of electric energy Stored in the battery as 
being equal to or greater than the amount of electric energy 
Stored in the battery at the fully charged time. 

3. The remaining battery energy indicating instrument 
according to claim 1, wherein Said display means comprises 
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a bar-graph meter for displaying an amount of electric 
energy equal to or Smaller than the amount of electric energy 
Stored in the battery at the fully charged time. 

4. The remaining battery energy indicating instrument 
according to claim 2, wherein Said display means comprises 
a bar-graph meter for displaying an amount of electric 
energy equal to or Smaller than the amount of electric energy 
Stored in the battery at the fully charged time. 

5. The remaining battery energy indicating instrument 
according to claim 1, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

6. The remaining battery energy indicating instrument 
according to claim 2, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

7. The remaining battery energy indicating instrument 
according to claim 3, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

8. A remaining battery energy indicating instrument com 
prising: 

a detector detecting a predetermined discharged time and 
a predetermined fully charged time of a battery for 
Storing electric energy; 

an integrator integrating the amount of electric energy 
which has been charged and discharged, said integra 
tion means utilizing an integrated value corresponding 
to an amount of electric energy Stored in the battery at 
the predetermined discharged time and the predeter 
mined fully charged time when the predetermined 
discharged time and the predetermined fully charged 
time are reached; and 

a display device displaying the absolute value of a 
remaining amount of electric energy Stored in the 
battery based on an output signal from Said integrator. 

9. The remaining battery energy indicating instrument 
according to claim 8, wherein Said integrator Stops integrat 
ing the electric energy when Said detector detects the amount 
of electric energy Stored in the battery as being equal to or 
greater than the amount of electric energy Stored in the 
battery at the fully charged time. 

10. The remaining battery energy indicating instrument 
according to claim 8, wherein Said display device comprises 
a bar-graph meter for displaying an amount of electric 
energy equal to or Smaller than the amount of electric energy 
Stored in the battery at the fully charged time. 

11. The remaining battery energy indicating instrument 
according to claim 9, wherein Said display device comprises 
a bar-graph meter for displaying an amount of electric 
energy equal to or Smaller than the amount of electric energy 
Stored in the battery at the fully charged time. 

12. The remaining battery energy indicating instrument 
according to claim 8, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

13. The remaining battery energy indicating instrument 
according to claim 9, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

14. The remaining battery energy indicating instrument 
according to claim 10, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

15. A method of detecting a remaining battery energy 
comprising the following Steps: 

detecting a predetermined discharged time and a prede 
termined fully charged time of a battery for Storing 
electric energy, 
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Storing as an integrated value corresponding to an amount 
of electric energy Stored in the battery at the predeter 
mined discharged time and the predetermined fully 
charged time when the predetermined discharged time 
and the predetermined fully charged time are reached; 

integrating electric energy which has been charged and 
discharged based on Said integrated value; 

generating an output signal from Said integrating of Said 
electric energy, and 

displaying the absolute value of a remaining amount of 
electric energy Stored in the battery based on Said 
output Signal from Said integrating of Said electric 
energy. 

16. The method of detecting the remaining battery energy 
according to claim 15, wherein Said integrating Stops inte 
grating the electric energy when said detecting detects the 
amount of electric energy Stored in the battery as being equal 
to or greater than the amount of electric energy Stored in the 
battery at the fully charged time. 

15 
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17. The method of detecting the remaining battery energy 

according to claim 15, wherein Said displaying comprises a 
bar-graph meter for displaying an amount of electric energy 
equal to or Smaller than the amount of electric energy Stored 
in the battery at the fully charged time. 

18. The method of detecting the remaining battery energy 
according to claim 16, wherein Said displaying comprises a 
bar-graph meter for displaying an amount of electric energy 
equal to or Smaller than the amount of electric energy Stored 
in the battery at the fully charged time. 

19. The method of detecting the remaining battery energy 
according to claim 15, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

20. The method of detecting the remaining battery energy 
according to claim 16, wherein the battery includes a battery 
for Storing electric energy for producing power for an 
electrically operated vehicle. 

k k k k k 
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