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ELECTRIC STORAGE DEVICE MONITOR 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from Japanese 
Patent Application Nos. 2011-197077 ?led on Sep. 9, 2011, 
2012-176839 ?led onAugust 9, 2012, and 2012-197187 ?led 
on Sep. 7, 2012. The entire contents of the priority applica 
tions are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a technology of 
monitoring a state of an electric storage device. 

BACKGROUND OF THE INVENTION 

[0003] A battery monitor executes a voltage measurement 
mode and a sleep mode alternately to reduce poWer consump 
tion of a secondary battery. 
[0004] While the secondary battery is used, the battery 
monitor that monitors the secondary battery usually receives 
an actuation signal from a load side and is actuated to be 
sWitched from the sleep mode to the voltage measurement 
mode. Therefore, the battery monitor continuously monitors 
the state of the secondary battery While the secondary battery 
is used. 
[0005] HoWever, if the secondary battery is separated from 
the load to be used or an error or a problem occurs in the 

communication betWeen the secondary battery and the load, 
the battery monitor cannot receive the actuation signal from 
the load side. There has been no consideration for dealing 
With such a case. This kind of problem occurs in other ele 
ments than the secondary battery, for example, capacitors. 

SUMMARY OF THE INVENTION 

[0006] The present technology has been made in vieW of 
the above, and it is an object of the technology to deal With a 
state that a monitor cannot receive an actuation signal from 
the load side. 
[0007] The present invention provides a monitor monitor 
ing an electric storage device that includes a measurement 
unit, a poWer supply sWitch portion, a Wakeup timer, and a 
control unit. The measurement unit is con?gured to detect a 
state of the electric storage device and obtain a detected value. 
The poWer supply sWitch portion is con?gured to sWitch a 
poWer supply state of the monitor betWeen a monitoring state 
and a loW poWer consumption state that requires loWer poWer 
than the monitoring state. An actuation time is set to the 
Wakeup timer and the Wakeup timer is con?gured to start 
counting time in response to sWitching to the loW poWer 
consumption state by the poWer supply sWitch portion and 
continue counting time until reaching the setting time and 
output an actuation signal if reaching the setting time. The 
poWer supply sWitch portion sWitches the poWer supply state 
of the monitor from the loW poWer consumption state to the 
monitoring state every time the Wakeup timer outputs the 
actuation signal. The control unit is con?gured to control the 
measurement unit to detect the state of the electric storage 
device and obtain the detected value When the poWer supply 
state of the monitor is set in the monitoring state by the poWer 
supply sWitch portion. The control unit is further con?gured 
to compare the detected value and a reference value and 
change the actuation time according to a comparison result of 
the detected value and the reference value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram illustrating an electric 
con?guration of a monitor according to a ?rst embodiment; 
[0009] FIG. 2 is a ?oWchart illustrating a How of processing 
of an actuation period change sequence; 
[0010] FIG. 3 is a graph illustrating an actuation period 
With Which the monitor is actuated if a battery voltage is not 
changed; 
[0011] FIG. 4 is a graph illustrating an actuation period 
With Which the monitor is actuated if the battery voltage is 
changed; 
[0012] FIG. 5 is a ?oWchart illustrating a How of processing 
of an actuation period change sequence according to a second 
embodiment; 
[0013] FIG. 6 is a graph illustrating an actuation period of a 
monitor; 
[0014] FIG. 7 is a graph illustrating charging characteristics 
of an olivine iron-type lithium-ion secondary battery; 
[0015] FIG. 8 is a ?oWchart illustrating a How of processing 
of an actuation period change sequence according to a third 
embodiment; and 
[0016] FIG. 9 is a ?oWchart illustrating a How of processing 
of an actuation period change sequence according to another 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] According to the present technology, if the detected 
value is changed, the actuation time is also changed. Thus, the 
monitor may monitor the electric storage device more fre 
quently. Accordingly, it is promptly detected that the electric 
storage device such as a secondary battery is used in a con 
dition that the monitor cannot receive an actuation signal 
from the load side. Further, even if the state of the electric 
storage device such as a secondary battery is changed, it is 
less likely to occur that the electric storage device is not 
monitored for a long time. Therefore, the electric storage 
device is less likely to be in an abnormal state such as an 
overcharged or over discharged state. In this description, 
When the detected value changes, it means that the detected 
value changes from an objective value such as a previous 
value that is detected prior to a detected value. 

First Embodiment 

[0018] A ?rst embodiment Will be described With reference 
to FIGS. 1 to 4. 
[0019] A monitor 30 is connected to a secondary battery 10 
and integrally provided thereWith. The secondary battery 10 
is an example of an electric storage device. The monitor 30 
monitors a state of the secondary battery 10, speci?cally, 
voltage, temperature, and current values of the battery. As 
illustrated in FIG. 1, the monitor 30 includes a CPU 31, a 
clock signal oscillator 33, a Wakeup timer 35, a Watchdog 
timer 37, a measurement unit 41, anA/D converter 43, a RAM 
45, a ROM 47, and a communication interface 49 and a poWer 
supply sWitch portion 51. The CPU 31 is an example of a 
control unit and the RAM 45 is an example of a memory. 
[0020] The measurement unit 41 detects voltage (inter-ter 
minal voltage), temperature, and current values of the sec 
ondary battery 10. The A/D converter 43 converts detected 
values of the voltage, the temperature, and the current of the 
secondary battery 10 into digital values and outputs them to 
the CPU 31. The CPU 31 receives information such as the 
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voltage and the current of the secondary battery 10 via the 
A/ D converter 43 and analyzes them to monitor the state of 
the secondary battery 10 and check if the battery is in an 
abnormal state or not. The RAM 45 is used as a Working 
memory of the CPU 31 and the RAM 45 stores the detected 
values. The ROM 47 stores a program that performs an actua 
tion period change sequence and data necessary for various 
calculations. 
[0021] The poWer supply sWitch portion 51 receives an 
internal actuation signal S1, a sleep signal Sa and an external 
actuation signal Sb. Upon receiving one of the signals, the 
poWer supply sWitch portion 51 sWitches a poWer supply state 
of the monitor 3 0 betWeen a monitoring state and a sleep state. 
The sleep state is an example of a loW poWer consumption 
state. The monitor 30 has tWo modes including a measure 
ment mode and a sleep mode that is a loW poWer consumption 
mode. In the measurement mode, the poWer supply state of 
the monitor 30 is maintained in the monitoring state and the 
monitor 30 detects the voltage, temperature, and current val 
ues of the secondary battery 10 to continuously monitor the 
state of the battery and poWer is supplied to all components of 
the monitor 30. 

[0022] In the sleep mode, the monitor 30 is set to alternately 
in the monitoring state and the sleep state. In the sleep state, 
the monitor 30 is in a standby state. In the sleep mode, the 
poWer supply sWitch portion 51 temporally sWitches the 
poWer supply state of the monitor 30 from the sleep state to 
the monitoring state every actuation period T the poWer sup 
ply sWitch portion 51 receives the internal actuation signal S1 
from the Wakeup timer 35. The monitor 30 monitors the state 
of the battery only in the monitoring state, and thereafter, the 
monitor 30 is sWitched to be in the sleep state. The Wakeup 
timer 35 counts time and if the time counted by the Wakeup 
timer 35 reaches the actuation period T, the Wakeup timer 35 
outputs the internal actuation signal S1 to the poWer supply 
sWitch portion 51. Accordingly, the monitor 30 is sWitched 
from the sleep state to the monitoring state With the certain 
actuation period T. In the monitoring state, the measurement 
unit 41 of the monitor 30 detects a voltage, a current, and a 
temperature of the secondary battery 10. 
[0023] In the sleep state, only the clock signal oscillator 33, 
the Wakeup timer 35, the communication interface 49, and the 
poWer supply sWitch portion of the monitor 30 are supplied 
With poWer and supply of poWer to the other components is 
stopped, thereby reducing poWer consumption in the second 
ary battery 10. The monitor 30 is supplied With poWer from 
the secondary battery 10 and therefore, if the monitor 30 is in 
the sleep state, the consumption poWer in the secondary bat 
tery 10 can be reduced. 

[0024] The monitor 30 is sWitched betWeen the measure 
ment mode and the sleep mode according to tWo control 
signals including the sleep signal Sa and the external actua 
tion signal Sb output from a control system of the load side. In 
a case that the secondary battery 10 is mounted to a vehicle, a 
vehicle-mounted ECU selectively outputs one of the tWo 
control signals Sa, Sb. If the secondary battery 10 is not used 
for a certain time period and the battery 10 is not required to 
be charged, the control system of the load side detects con 
ditions for sWitching the monitor 30 to the sleep mode and 
determines that the monitor 30 is to be sWitched to the sleep 
mode. In such a case, the control system of the load side 
outputs the sleep signal Sa to the monitor 30 and the CPU 31 
of the monitor 30 receives the sleep signal Sa via the com 
munication interface 49. Accordingly, the monitor 30 is 
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sWitched to be in the sleep mode. Namely, the state of the 
battery 10 is basically not changed While the monitor 30 is in 
the sleep mode. 
[0025] The load-side control system outputs the external 
actuation signal Sb to the monitor 30 to use the battery 10 and 
the monitor 30 receives the external actuation signal Sb via 
the communication interface 49. Accordingly, the monitor 30 
is sWitched to be in the measurement mode. Therefore, if the 
monitor 30 is properly connected to the load and can receive 
the external actuation signal Sb from the load, the monitor 30 
monitors the state of the secondary battery 10 that is being 
used. 

[0026] HoWever, if the secondary battery 10 is separated 
from the load to be used or an error or a problem occurs in the 
communication betWeen the monitor 3 0 and the load side, the 
monitor 30 does not receive the external actuation signal Sb 
from the load side. Therefore, the monitor 30 remains in the 
sleep mode and monitors the battery repeatedly With the 
certain period. If the secondary battery 10 is charged improp 
erly, the battery 10 maybe in an abnormal state such as over 
charge or over discharge during a period betWeen a current 
monitoring and a subsequent monitoring. 
[0027] In the present embodiment, if determining that a 
current detected battery voltage of the secondary battery 10 is 
changed from a previous detected battery voltage in the sleep 
mode, the monitor 30 changes the actuation period T. Spe 
ci?cally, in response to such determination, the CPU 31 short 
ens the actuation period T so that the monitor 30 monitors the 
secondary battery 10 more frequently With a shorter period. 
Accordingly, it can be detected promptly that the secondary 
battery 10 is used in a condition that the monitor 30 cannot 
receive the external actuation signal Sb from the load side. 
Further, the voltage of the secondary battery 1 0 does not reach 
the prohibited level. 
[0028] An actuation period change sequence Will be 
explained With reference to FIG. 2. In the actuation period 
change sequence, the actuation period T of the monitor 30 is 
changed. It is assumed that the secondary battery 10, the 
charger 20, the relay R, and the monitor 30 are mounted to the 
load side and a time set to the Wakeup timer 35, that is, the 
initial value of the actuation period T is 60 seconds, for 
example. A number of continuous changes K that Will be 
described later is Zero. 

[0029] The actuation period change sequence starts in 
response to detection of conditions for sWitching the monitor 
30 from the measurement mode to the sleep mode and output 
of the sleep signal Sa from the load side to the monitor 30. 

[0030] If the CPU 31 receives the sleep signal Sa, the moni 
tor 30 is sWitched to the sleep mode and set to be in the sleep 
state that reduces consumption poWer. In the sleep mode, only 
the clock signal oscillator 33, the Wakeup timer 35, the com 
munication interface 49, and the poWer supply sWitch portion 
51 are supplied With poWer to be operated and supply of 
poWer to the other components is stopped (S10). 
[0031] After the monitor 30 is sWitched to the sleep state, 
the Wakeup timer 35 starts counting time and detects Whether 
the counted time reaches the set time. If the time counted by 
the Wakeup timer 35 reaches the set time (S20), the Wakeup 
timer 35 outputs the internal actuation signal S1 to the poWer 
supply sWitch portion 51. The initial value of the set time is 60 
seconds. If 60 seconds passes after the monitor 30 becomes in 
the sleep state, the Wakeup timer 35 outputs the internal 
actuation signal S1 to the poWer supply sWitch portion 51. 
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[0032] If receiving the internal actuation signal S1, the 
power supply switch portion 51 supplies poWer to each com 
ponent of the monitor 30 to actuate the monitor 30 (S20, S30). 
Then, the measurement unit 41 detects voltage, temperature, 
and current values of the secondary battery 10 (S40). 
[0033] The values detected by the measurement unit 41 are 
converted into digital values by the A/D converter 43 and 
transferred to the CPU 31 and stored in the RAM 45 (S40). 
The CPU 31 determines Whether the current detected value 
changes (S50). Speci?cally, the CPU 31 compares the current 
detected value and a previous detected value stored in the 
RAM 45 and determines Whether the current detected value 
of the secondary battery 10 changes from the previous 
detected value (S50). If the current detected voltage of the 
secondary battery 10 changes from the previous detected 
voltage by at least a predetermined value (for example, 0.05 
V), it is preferably determined that the detected battery value 
is changed. Accordingly, it is not erroneously determined that 
the battery value is changed according to very small change in 
the battery voltage that may be caused due to a situation or an 
environment in Which the monitor 30 is used. Such a very 
small change in the battery voltage may be caused even if 
improper charging is not executed. 
[0034] No previous detected value is stored in the RAM 45 
in the ?rst determination just after the monitor 30 is sWitched 
to the sleep mode. Therefore, the detected value that is most 
recently detected in the measurement mode immediately 
before the monitor 30 is sWitched to the sleep mode is used as 
the previous detected value. If the CPU 31 determines that the 
current detected value does not change from the previous 
detected value (S50), the process proceeds to S70. 
[0035] In S70, the set time of the Wakeup timer 35 is main 
tained to be the initial value. Then, the process returns to S10 
and the monitor 30 is sWitched to the sleep state again. Then, 
if the Wakeup timer 35 determines that the counted time 
reaches the set time, the timer 35 outputs the internal actua 
tion signal S1 to the poWer supply sWitch portion 51 and 
accordingly, the monitor 30 is actuated (S20, S30). 
[0036] In such a manner, the monitor 30 is actuated and 
detects the voltage, temperature, and current values of the 
secondary battery 10. If no change is detected in voltage of the 
secondary battery 10, a negative decision (N O) is made in S50 
and the number of continuous changes K is set to be Zero 
(S60). Therefore, the set time of the Wakeup timer 35 is 
maintained to be the initial value (S70). 
[0037] Therefore, as long as the detected value of the bat 
tery voltage is not changed from the previous detected value, 
the monitor 30 is repeatedly actuated to monitor the state of 
the secondary battery 10 at the initial interval as illustrated in 
FIG. 3. 
[0038] The secondary battery 10, the charger 20, the relay R 
and the monitor 30 may be removed and separated from the 
load, and the secondary battery 10 may be charged With 
poWer supplied from an external device or may be charged by 
a charger other than the built-in charger 20. In such a case, 
even if the monitor 30 is in the sleep mode, the voltage of the 
secondary battery 10 rises as illustrated in FIG. 4 and it is 
determined that the current detected voltage is changed from 
the previous detected voltage in S50. Accordingly, the num 
ber of continuous changes K is increased by one (S80), and it 
is determined that the increased number of continuous 
changes K is less than a threshold number of changes Kth (for 
example tWo) in S90. Further, it is determined that the current 
detected value is equal to or less than the threshold voltage 
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Vth (S100: No). Then, the CPU 31 changes the set time of the 
Wakeup timer 35 to a ?rst change value (for example, 30 
seconds) and shortens the actuation period T of the monitor 
30 in S110. For example, as illustrated in FIG. 4, the CPU 31 
changes the set time of the Wakeup timer 35 from 60 seconds 
to 30 seconds and changes the actuation period T of the 
monitor 30 from the initial value of 60 seconds to 30 seconds. 
[0039] After changing the actuation period T to the ?rst 
change value, the monitor 30 is actuated at an interval of the 
?rst change value in subsequent monitoring. After changing 
the actuation period T, the process returns to S10. Then, the 
process proceeds to S20, S30 and S40 and if it is determined 
that the battery voltage does not change (S50: No), the CPU 
31 resets the number of continuous changes K to be Zero 
(S60) and also resets the set time period of the Wakeup timer 
35 to the initial value (S70). If it is again determined that the 
current battery voltage changes from the previous detected 
value (S50:Yes), and it is determined that the current detected 
value detected in S40 is equal to or less than the threshold 
voltage Vth (S100: No), the CPU 31 does not change the set 
time of the Wakeup timer 35 and keeps the ?rst change value 
(S110). The threshold voltage Vth is preferably close to the 
full charge voltage of the secondary battery 10. 
[0040] If the battery voltage of the secondary battery 10 
continuously changes With respect to a time axis as illustrated 
in FIG. 4, for example proportionally, the monitor 30 is 
repeatedly actuated at an interval of 30 seconds to monitor the 
secondary battery 10. 
[0041] If the detected battery voltage changes consecu 
tively several times, the CPU 31 determines that the second 
ary battery 10 is used in condition Where the monitor cannot 
receive the external actuation signal Sb from the load side. If 
determining that the number of continuous changes K is over 
the threshold number Kth (S90: No), the CPU 31 changes the 
set time of the Wakeup timer 35 to be a second change value 
that is shorter than the ?rst change value (for example, 20 
seconds) in S120. Accordingly, the actuation period T of the 
monitor 30 is further shortened. Therefore, the voltage is 
detected for several times at a shortened actuation period T. 
This reduces time required to determine that the secondary 
battery 10 is used in an improper state. 

[0042] In the present embodiment, the actuation period T is 
changed to be shortened if the secondary battery 10 is improp 
erly used. Therefore, compared to a case Where the actuation 
period T of the monitor 30 is not changed from the initial 
value even if the secondary battery 10 is improperly used, it is 
promptly detected that the secondary battery 10 is used in an 
improper state that the monitor 30 cannot receive the external 
actuation signal Sb from the load side. If detecting that the 
secondary battery 10 is used in an improper condition that the 
monitor 30 cannot receive the external actuation signal Sb 
from the load side, the CPU 31 of the monitor 30 performs an 
informing process that informs an error using an error noti? 
cation lamp or a buZZer for example (S130). 
[0043] If the actuation period T is kept to be long, the 
secondary battery 10 is not monitored by the monitor 30 for a 
long time. Thus, if the secondary battery 10 is charged for a 
long time Without monitoring and the battery voltage reaches 
a prohibited level, overcharge or over discharge may be 
caused in the secondary battery 10 and the secondary battery 
10 may become in an abnormal state. HoWever, in the present 
embodiment, the actuation period T of the monitor 30 is 
shortened and this shortens a monitoring interval of the sec 
ondary battery 10. Therefore, the CPU 31 may disconnect the 
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relay R (S130) to stop charging before the secondary battery 
10 is overcharged. Therefore, the secondary battery 10 is not 
overcharged. 
[0044] In determining that the number of continuous 
changes K is less than the threshold number Kth (S90: Yes) 
and determining that the current detected value that is 
detected in S40 is greater than the threshold voltage Vth 
(S100: Yes), the CPU 31 changes the set time of the Wakeup 
timer 35 to the second change value (S120). Accordingly, as 
illustrated in FIG. 4, the CPU 31 may further shorten the 
actuation period T of the monitor 30, and the secondary 
battery 10 is not overcharged. 

Second Embodiment 

[0045] Next, a second embodiment Will be described With 
reference to FIGS. 5 to 7. In the ?rst embodiment, the voltage 
of the secondary battery 10 proportionally changes With 
respect to the time axis and changes the actuation period T of 
the monitor 30 from 60 seconds to 30 seconds. 

[0046] In the second embodiment, the CPU 31 compares 
the current detected voltage and the previous detected voltage 
and obtains a change amount of the battery voltage every time 
determining that the current voltage changes from the previ 
ous voltage. Speci?cally, if determining that the current 
detected voltage changes from the previous detected voltage 
(S50: Yes), the CPU 31 computes a change amount betWeen 
the previous detected voltage and the current detected voltage 
(S210). As the change amount becomes greater, the CPU 31 
changes the set time of the Wakeup timer 35 to be a shorter 
value (S220). Accordingly, the greater the change amount of 
the detected battery voltage values is, the shorter the actuation 
period T becomes. For example, if the battery voltage changes 
along a substantially quadratic curve With respect to the time 
axis as illustrated in FIG. 6, the actuation period T of the 
monitor 30 is changed to be shorter as time passes. 

[0047] In the second embodiment, if the change amount of 
the battery voltages becomes larger and the current detected 
voltage is close to the full-charge voltage, the actuation period 
T is further shortened. Therefore, the monitor 30 monitors the 
secondary battery 10 more frequently. Therefore, the second 
ary battery 10 is not overcharged. An olivine-type lithium-ion 
iron second battery has characteristics as illustrated in FIG. 6, 
and in the olivine-type lithium-ion iron second battery, the 
voltage rises drastically at a terminal stage of charging. The 
olivine-type iron battery is a kind of lithium-ion batteries and 
has a positive electrode made of olivine-type iron phosphate, 
that is, lithium iron phosphate (LiFePO4) and a negative 
electrode made of, for example, carbon. The olivine-type 
lithium-ion iron secondary battery has a full-charge voltage 
of about 3.5 V as illustrated in FIG. 7. Therefore, if the 
olivine-type lithium-ion iron secondary battery is set such 
that the voltage drastically rises in a range betWeen 3 .45 V and 
3.5 V that is close to the full-charge voltage, the actuation 
period T is also shortened at the voltage betWeen 3.45 V and 
3.5 V. Accordingly, the olivine-type lithium-ion iron second 
ary battery 10 can be monitored more frequently at the volt 
age close to the full-charge voltage. Therefore, the olivine 
type lithium-ion iron secondary battery is not overcharged. 

Third Embodiment 

[0048] Next, a third embodiment Will be described With 
reference to FIG. 8. An actuation period change sequence of 
the third embodiment is substantially same as the sequence of 
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the second embodiment including steps S10 to S220 and 
additionally includes processing of S3 and S5 in FIG. 7. 
Therefore, the processing of S3 and S5 Will be explained. 
[0049] As shoWn in FIG. 8, in the third embodiment, if the 
CPU 31 detects that the conditions for sWitching the monitor 
30 to the sleep mode are satis?ed and receives the sleep signal 
Sa output from the load side, the CPU 31 of the monitor 30 
determines Whether the most recent battery voltage of the 
secondary battery 10 detected in the measurement mode is 
close to a full-charge voltage or not (S3). Speci?cally, the 
CPU 31 compares the most recent battery voltage to a thresh 
old voltage Vth that is previously set (a value close to the 
full-charge voltage). If determining that the most recent bat 
tery voltage is higher than the threshold voltage Vth, the CPU 
31 determines that the most recent battery voltage is close to 
the full-charge voltage (S3 : Yes). If determining that the most 
recent battery voltage is less than the threshold voltage, the 
CPU 3 1 determines that the mo st recent battery voltage Vth is 
not close to the full-charge voltage (S3: No). 
[0050] If the CPU 31 determines that the most recent bat 
tery voltage is not close to the full-charge voltage (NO: S3), 
the process proceeds to S10. Processing executed after S10 is 
same as that in the second embodiment. In the sleep state, if 
the detected voltage of the secondary battery 10 is not 
changed from the previous detected value (S50: No), the 
monitor 30 is actuated With an actuation period T of 60 
seconds to monitor the secondary battery 10 (S70). If the 
current detected voltage is changed from the previous 
detected value (S50: Yes), the actuation period T is changed 
(S60). 
[0051] Next, if the CPU 31 determines that the most recent 
battery voltage is close to the full-charge voltage (YES: S3), 
the process proceeds to S5. In S5, the CPU 31 changes the set 
time of the Wakeup timer 35 to a time shorter than an initial 
value. The initial value of the set time of the Wakeup timer 35 
is 60 seconds, and the set time is changed to a time shorter 
than that. For example, 30 seconds is set to the Wakeup timer 
35 in S5. Accordingly, immediately after being sWitched to 
the sleep mode, the monitor 30 is actuated With an actuation 
period T that is shorter than the initial setting and monitors the 
secondary battery 10. 
[0052] In such a manner, if the voltage of the secondary 
battery 10 is close to the full-charge voltage before the moni 
tor 30 being sWitched from the measurement mode to the 
sleep mode, the actuation period T of the monitor 30 is set to 
a small value. Therefore, the secondary battery is not over 
charged. 

Other Embodiments 

[0053] The present invention is not limited to the above 
description and the draWings. For example, the folloWing 
embodiments are covered by the technological scope of the 
invention. 
[0054] (1) In the above embodiments, the monitor 30 moni 
tors the state of the secondary battery 10. HoWever, the target 
to be monitored by the monitor 30 is necessarily a storage 
element (electricity storing element), and the state of a 
capacitor may be monitored by the monitor 30. Further, in the 
above embodiments, the control device is the CPU 31. HoW 
ever, the control device may be a hardWare circuit. 
[0055] (2) In the above embodiments, if the voltage of the 
secondary battery 10 is changed from the previous detected 
value, the actuation period T of the monitor 30 is changed. For 
example, the CPU 31 may detect a temperature of the sec 
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ondary battery 10 and determine Whether the detected tem 
perature of the secondary battery 10 is changed from the 
previous detected value. If determining that the detected tem 
perature is changed from the previous value, the CPU 31 may 
change the actuation period T of the monitor 30. 
[0056] Besides the battery temperature, the information 
denoting the state of the secondary battery 10 may include 
any information from Which the CPU 31 can detect the pos 
sibility of occurring abnormality of the battery such as a state 
of charge (SOC), a current value, or an internal pressure of the 
battery. 
[0057] A current of the secondary battery 10 may be 
detected to detect the state of the battery 10. A dark current 
dissipated by the battery 10 While a vehicle being parked may 
be detected to determine Whether the actuation period T may 
be changed or not. Speci?cally, in a system in Which the dark 
current dissipated by the secondary battery 10 While a vehicle 
being parked is 100 mA or less, if determining that the dark 
current is a normal value and is less than 100 mA, the CPU 31 
sets the actuation period T of the monitor 30 to 60 seconds that 
is an initial value. 

[0058] If determining that the dark current is 100 mA or 
higher, the CPU 31 may change the actuation period T of the 
monitor 30 from 60 seconds to 30 seconds or may shorten the 
actuation period T in a stepWise manner according to the level 
of the dark current. For example, in the secondary battery 10 
having a capacity of 60 Ah, the actuation period T is changed 
according to the level of the dark current as folloWs. If the 
dark current is from 100 mA to 0.1 CA (6A), the actuation 
period T is set to 30 seconds. If the dark current is from 0.1 CA 
(6A) to 0.5 CA (30A), the actuation period T is set to 20 
seconds. If the dark current is 0.5 CA (30A) or greater, the 
actuation period T is set to 10 seconds. 
[0059] The actuation period T may be determined based on 
a plurality of detected values. For example, a current and a 
battery voltage may be detected and the CPU 31 may detect 
Whether each of the values of the current and the battery 
voltage is equal to or greater than a corresponding certain 
level. If both of the detected values of the current and the 
battery voltage are the certain level or greater, the actuation 
period T may be further shortened as compared to a case in 
Which only one of them is greater than the corresponding 
certain level. In such a case, the measurement unit 41 is a 
current sensor that detects a current ?oWing through the sec 
ondary battery 10, and a current is detected by the current 
sensor and the detected value corresponds to a detected cur 
rent. 

[0060] (3) In the above embodiments, the actuation period 
T of the monitor 30 is changed if the detected value of the 
secondary battery 10 is changed from the previous detected 
value. The target value to be compared With the current 
detected value of the secondary battery 10 may be a value that 
is detected prior to the last value that is detected at last or a 
reference value that is previously stored in the RAM 45. 
Therefore, if the current detected value of the secondary 
battery 10 is changed from the value detected prior to the last 
value or the reference value, the actuation period T of the 
monitor 30 maybe changed. 
[0061] (4) In the above embodiments, the voltage of the 
secondary battery 10 is increased from the previous detected 
value (charging). HoWever, the voltage of the secondary bat 
tery 10 may be decreased from the previous detected value 
(discharging). Also in the case Where the voltage of the sec 
ondary battery 10 is decreased from the previous detected 
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value, the actuation period T may be shortened to shorten the 
monitoring interval at Which the monitor 30 is monitored. 
[0062] (5) In the above embodiments, the monitor 30 is 
sWitched from the measurement mode to the sleep mode if the 
CPU 31 of the monitor 30 receives the sleep signal Sa output 
from the side of load. HoWever, the monitor 30 may detect the 
conditions for sWitching to the sleep mode Without receiving 
any signal from the external device and if detecting the con 
ditions, the monitor 30 may be sWitched to the sleep mode. 
[0063] (6) In the above embodiments, each of the sleep 
signal Sa and the external actuation signal Sb is an indepen 
dent signal. HoWever, the tWo signals Sa and Sb may be 
con?gured With a single signal. The single signal may be set 
to a high level or a loW level to control sWitching the mode of 
the monitor 30. 
[0064] (7) In the above embodiments, the actuation period 
T of the monitor 30 is changed if the voltage of the secondary 
battery 10 is changed from the previous detected value. In 
addition to this, the CPU 31 may further detects if a current is 
?oWing through the secondary battery 10 to determine 
Whether to change the actuation period T or not. The CPU 31 
changes the actuation period T of the monitor 30 if detecting 
that the current detected voltage of the secondary battery 10 is 
changed from the previous detected value and a current is 
?oWing through the secondary battery 10. 
[0065] Accordingly, the folloWing effects are obtained. 
Generally, the battery voltage changes for a While after 
completion of charging or discharging. Therefore, if the 
actuation period T is changed only based on a change in the 
battery voltage, the actuation period T may be changed even 
in an ordinary state Where the battery is not charged improp 
erly. HoWever, if the actuation period is changed based on a 
change in the battery voltage and detection that the current is 
?oWing through the battery, the actuation period T is not 
changed in the ordinary state. Thus, the actuation period T is 
changed only When the battery is used (charged) improperly. 
[0066] (8) In the second embodiment, the larger the change 
amount of the measured battery voltage value is, the more the 
actuation period T is shortened. The actuation period T may 
be changed in any other methods according to the change 
amount of the detected value. For example, the actuation 
period T of the monitor 30 may be changed in accordance 
With any one of the folloWing patterns. 
[0067] As illustrated in FIG. 7, in the olivine-type lithium 
ion iron secondary battery, the full-charge voltage is about 3 .5 
V, and the battery is preferably used With the charged voltage 
being betWeen 3.3 V and 3.5 V. In this case, a range ofuse E 
ofthe battery is 200 mV from 3.3 V to 3.5 V and the battery 
can be preferably used in this range, and 10% thereof is 20 
mV. If the detected value is not changed from the previous 
value and the actuation period T is set to the initial value of 60 
seconds, the actuation period T may be changed in the fol 
loWing methods. 
[0068] Pattern 1: If the detected value is changed from the 
previous detected value by 20 mV that is 10% of the range of 
use, the actuation period T is changed from 60 seconds to 30 
seconds that is a half of the initial value. 
[0069] Pattern 2: If the detected value is changed from the 
previous detected value by 40 mV that is 20% of the range of 
use, the actuation period T is changed from 60 seconds to 15 
seconds that is a quarter of the initial value. 
[0070] Pattern 3: If the detected value is changed from the 
previous detected value by 20 mV and the actuation period T 
is changed from the initial value of 60 seconds to 30 seconds 
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and then the subsequent detected value is changed from the 
previous value by 40 mV, the actuation period T is changed 
from 30 seconds to 15 seconds that is a half of 30 seconds. If 
the detected value is changed by the change amount same as 
the previous change amount of 20 mV, the actuation period T 
is not changed and maintained to be 30 seconds. 
[0071] The actuation period T may be changed by multi 
plying the actuation period T by a constant (1/2 or 1A) corre 
sponding to the change amount of the detected value as 
described above, and further, the actuation period T may be 
changed by subtracting a constant (20 seconds or 40 seconds) 
that is determined corresponding to the change amount of the 
detected value from the current actuation period T. 
[0072] (9) In the above embodiments, the actuation period 
T of the monitor 30 is changed if the battery voltage of the 
secondary battery 10 is changed from the previous detected 
value. HoWever, the actuation period T may be changed if the 
CPU 31 detects that the battery voltage of the secondary 
battery 10 is not changed from the previous detected value or 
a reference value. 

[0073] Speci?cally, if the current detected value is not 
changed from the previous detected value, it is unlikely that 
the secondary battery 10 is used improperly. Thus, even if the 
actuation period of the monitor 30 is extended, it is unlikely 
that any error is caused in the secondary battery 10. The 
actuation period T is 60 seconds that is the initial value and if 
the current detected value is not changed from the previous 
value, the actuation period T may preferably be set to 90 
seconds or 120 seconds that is longer than the initial value. 
The actuation period T becomes longer and this reduces the 
poWer consumption of the monitor 30. 
[0074] The actuation period T maybe changed if the battery 
voltage of the secondary battery 10 is not changed from the 
previous detected value or the reference value, and also the 
actuation period T may be changed if the current detected 
value is changed from the previous detected value. 
[0075] As illustrated in FIG. 9, if determining that the cur 
rent detected voltage changes (S50: Yes), the CPU 31 com 
putes a change amount betWeen the previous detected value 
and the current detected value (S210), and the CPU 31 
changes the set time of the Wakeup timer 35 to be a shorter 
value as the computed change amount is greater (S220). If 
determining that the current detected voltage does not change 
(s50: No), the CPU 31 may change the set time of the Wakeup 
timer 35 to be a value that is longer than the initial value. 
[0076] According to the present technology, the monitor 
can deal With a case that the monitor cannot receive an actua 

tion signal from the load side. 
1. A monitor monitoring an electric storage device com 

prising: 
a measurement unit con?gured to detect a state of the 

electric storage device and obtain a detected value: 
a poWer supply sWitch portion con?gured to sWitch a 
poWer supply state of the monitor betWeen a monitoring 
state and a loW poWer consumption state that requires 
loWer poWer than the monitoring state; and 

a Wakeup timer to Which actuation time is set and con?g 
ured to start counting time in response to sWitching to the 
loW poWer consumption state by the poWer supply 
sWitch portion and continue counting time until reaching 
the actuation time and output an actuation signal if 
reaching the actuation time, Wherein: 

the poWer supply sWitch portion sWitches the poWer supply 
state of the monitor from the loW poWer consumption 
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state to the monitoring state every time the Wakeup timer 
outputs the actuation signal, the monitor further com 
prising: 

a control unit con?gured to: 
control the measurement unit to detect the state of the 

electric storage device and obtain the detected value 
When the poWer supply state of the monitor is set in 
the monitoring state by the poWer supply sWitch por 
tion; 

compare the detected value and a reference value; and 
change the actuation time according to a comparison 

result of the detected value and the reference value. 
2. The monitor according to claim 1, further comprising a 

memory con?gured to store a previous detected value that is 
detected prior to the detected value, Wherein: 

the control unit is further con?gured to 
compare the detected value and the previous detected 

value; 
determine if the detected value changes from the previ 

ous detected value; and 
shorten the actuation time according to ?rst determina 

tion that the detected value changes from the previous 
detected value. 

3. The monitor according to claim 1, Wherein: 
the control device is further con?gured to: 

obtain a change amount according to comparison 
betWeen the detected value and the previous detected 
value; and 

change the actuation time according to the change 
amount. 

4. The monitor according to claim 2, Wherein: 
the control device is further con?gured to: 

obtain a change amount according to comparison 
betWeen the detected value and the previous detected 
value; and 

shorten the actuation time to be shorter as the change 
amount becomes greater. 

5. The monitor according to claim 2, Wherein the control 
device is further con?gured to: 

determine if the detected value is close to a full-charge 
voltage When the poWer supply sWitch portion sWitches 
the poWer supply state to the loW poWer consumption 
state; and 

shorten the actuation time from an initial value according 
to second determination that the detected value is close 
to the full-charge voltage. 

6. The monitor according to claim 2, further comprising a 
memory con?gured to store previous detected voltage, 
Wherein: 

the measurement unit detects voltage and a current value of 
the electric storage device; 

the control device is further con?gured to: 
compare the detected voltage and the previous detected 

voltage; 
determine if the detected voltage changes from the pre 

vious detected voltage and if current is ?oWing 
through the electric storage device based on the 
detected current value and make third determination 
that the detected voltage changes from the previous 
detected voltage and the current is ?oWing through the 
electric storage device; and 

shorten the actuation time according to the third deter 
mination. 
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7. The monitor according to claim 2, wherein the electric 
storage device is an olivine-type lithium-ion iron secondary 
battery having a positive electrode made of olivine-type iron 
phosphate. 

8. The monitor according to claim 2, further comprising a 
memory con?gured to store a previous detected value that is 
detected prior to the detected value, Wherein: 

the control unit is further con?gured to 
compare the detected value and the previous detected 

value; 
determine if the detected value changes from the previ 

ous detected value; and 
extend the actuation time according to fourth determi 

nation that the detected value does not change from 
the previous detected value. 

9. The monitor according to claim 4, further comprising a 
memory con?gured to store a previous detected value that is 
detected prior to the detected value, Wherein: 

the control unit is further con?gured to 
compare the detected value and the previous detected 

value; 
determine if the detected value changes from the previ 

ous detected value; and 
extend the actuation time according to fourth determi 

nation that the detected value does not change from 
the previous detected value. 

10. The monitor according to claim 3, further comprising a 
memory con?gured to store previous detected voltage, 
Wherein: 
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the measurement unit detects voltage and a current value of 
the electric storage device; 

the control device is further con?gured to: 
compare the detected voltage and the previous detected 

voltage; 
determine if the detected voltage changes from the pre 

vious detected voltage and if current is ?oWing 
through the electric storage device based on the 
detected current value and makes third determination 
that the detected voltage changes from the previous 
detected voltage and the current is ?oWing through the 
electric storage device; and 

change the actuation time according to the third deter 
mination. 

11. The monitor according to claim 1, further comprising a 
memory con?gured to store a previous detected value that is 
detected prior to the detected value, Wherein: 

the control unit is further con?gured to 

compare the detected value and the previous detected 
value; 

determine if the detected value changes from the previ 
ous detected value; and 

extend the actuation time according to fourth determi 
nation that the detected value does not change from 
the previous detected value. 
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