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ABSTRACT OF THE DISCLOSURE

An apparatus of monitoring motor vehicle's electric power and method thereof are
provided. The apparatus is disposed in the motor vehicle and includes a monitor and
alarm device parallel connected to both a battery to be measured and a starting motor of
the motor vehicle. The starting motor is taken as a load for forming an outer loop
sampling circuit, 1/t second is set as a sampling time interval during discharging,
voltage and current curves are formed by connecting a plurality of continuous voltage
values each sampled in 1/t second, a minimum voltage of the voltage curve is compared
with a predetermined alarm value for determining a status of the battery to be measured,

and an alarm is issued in time if the status of the battery to be measured is abnormal.
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The following statement is a full description of this invention, including the best method of
performing it known to ns:-
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APPARATUS OF MONITORING
MOTOR VEHICLE'S ELECTRIC POWER AND METHOD THEREOF

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to monitoring apparatus and more particularly to an
apparatus of monitoring electric power of a motor vehicle's battery and method thereof
so as to issue an alarm if the power is lower than a predetermined level prior to starting

the engine.

Description of Related Art

It is known that a driver has to start the engine of an automobile prior to starting it.
Also, for successfully starting the engine, there must be sufficient power in the battery.
In practice, however, there is no way for the driver to know the power level of the
battery prior to starting the engine. It is often that the driver knows the battery low only
when the start fails. Alternatively, the battery may be already damaged before a next
start even it is successful in this start.

Moreover, many different factors such as ambient temperature, charging
conditions and time, and load discharge all can affect a useful life of battery. Thus, it is
complicated. A conventional battery (e.g., NP battery) has the following characteristic
curves regarding discharge time versus discharge voltage, ambient temperature versus
available power of battery, and storage time versus available power of battery as shown
in FIGS. 12 to 14 respectively. Thus, for ensuring a successful start of the automobile it
is desirable to monitor the available power of battery in a long time basis in order to

overcome disadvantages that may be caused by the above factors.
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SUMMARY OF THE INVENTION

[t is an object of the present invention to, in a motor vehicle, provide an apparatus
of monitoring its electric power and method thereof in a long time basis. The apparatus
comprises a monitor and alarm device parallel connected to both a battery to be
measured and a starting motor of the motor vehicle wherein a single loop technique the
starting motor is taken as a load for forming an outer loop sampling circuit, 1/t second is
set as a sampling time interval during discharging, a voltage curve is formed by
connecting a plurality of continuous voltage values each sampled in 1/t second, a
voltage measured at the parallel terminals is dropped significantly temporarily during an
engine starting period, thus forming a lowest point of the voltage curve, a minimum
voltage of the voltage curve as obtained at the lowest point is compared with a
predetermined alarm value for determining a status of the battery to be measured, and
an alarm is issued in time if the status 6f the battery to be measured is abnormal.

It is another object of the present invention to provide an apparatus of monitoring
motor vehicle's electric power and method thereof. A monitor and alarm device of the
apparatus is directly parallel connected to both a battery to be measured and a starting
motor of the motor vehicle wherein a double loop technique is employed to monitor an
available power of a current source to be measured in a long time basis, the starting
motor is taken as a load for forming an outer loop sampling circuit, an inner loop
sampling circuit is formed by utilizing an internal load of the monitor and alarm device,
and alternatively perform different monitoring modes by suitably dividing time into a
plurality of time intervals.

It is a further object of the present invention to provide an apparatus of monitoring
motor vehicle's electric power and method thereof. A monitor and alarm device of the

apparatus takes any point of the voltage curve during an engine starting as a battery
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measurement point. That is, a voltage value at any point of a curve section from the
engine starting point to an alternator charging point is taken as a battery measurement
point. Hence, it is possible of determining a status of the battery to be measured and
issuing an alarm in time if the status of the battery to be measured is abnormal.

The above and other objects, features and advantages of the present invention will
become apparent from the following detailed description taken with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow chart illustrating a process of monitoring a motor vehicle's electric
power according to a first preferred embodiment of the invention;

FIG. 2 is a detailed flow chart illustrating the FIG. 1 process;

FIG. 3 is a block diagram of a first preferred embodiment of apparatus of
monitoring vehicle's electric power according to the invention;

FIGS. 3A, 3B, 3C and 3D are graphs illustrating experimental values such as
voltage values measured by the apparatus of the invention;

FIG. 4 is a block diagram of a second configuration of the monitor and alarm
device being parallel connected to a current source to be measured according to the
invention;

FIG. 5 is a block diagram of a third configuration of the monitor and alarm device
being parallel connected to the current source to be measured according to the
invention;

FIG. 6 is a block diagram of a fourth configuration of the monitor and alarm device
being parallel connected to the current source to be measured according to the

invention;
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FIG. 7 depicts a circuit diagram of the apparatus being parallel connected to a
battery to be measured;

FIG. 8 is a flow chart illustrating a process of monitoring electric power of a motor
vehicle's battery according to a second preferred embodiment of the invention;

FIGS. 9, 9A, and 9B are detailed flow charts illustrating the FIG. 8 process
respectively;

FIG. 10 is a diagram of time interval according to the second preferred
embodiment process of the invention;

FIG. 11 is a circuit diagram according to a second preferred embodiment of the
apparatus of the invention;

FIG. 12 is graph illustrating discharge time versus discharge voltage according to a
conventional NP battery;

FIG. 13 is graph illustrating ambient temperature versus available power of battery
according to the conventional NP battery; and

FIG. 14 is graph illustrating storage time versus available power of battery

according to the conventional NP battery.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to FIGS. 1 to 7, there is shown a first preferred embodiment of an
apparatus and method thereof in accordance with the invention. In the apparatus, a
monitor and alarm device 20 is paraliel connected to both a battery to be measured B2
and a starter unit (e.g., starting motor as described below) S1. In a single loop, the
starting motor S1 is taken as a load for forming an outer loop sampling circuit. 1/t
second is set as a sampling time interval (from the very beginning of switching on time

of the motor vehicle power by a vehicle’s key to the disconnecting time of the control of
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the CPU) during discharging. A voltage curve is formed by connecting a plurality of
continuous voltage values each sampled in 1/t second. Also, a minimum voltage of the
curve is compared with a predetermined alarm value set by the invention so as to
determine a status of the battery, thereby issuing an alarm in time if the status of the
battery is abnormal.

Referring to FIG. 1, there is shown a process for monitoring a motor vehicle's
electric power in accordance with the invention. The monitoring process comprises the
following steps:

In step 1 (i.e., outer loop sampling), a starting motor S1 is taken as a load. The
invention samples the battery to be measured B2 every 1/t second for obtaining a
sampled voltage.

In step 2 (i.e., data storage), a voltage curve is obtained by connecting a plurality
of continuous voltage values each sampled in 1/t second.

In step 3 (i.e., calculation), the invention calculates a minimum voltage and records
the same.

In step 4 (i.e., comparison), the invention compares the recorded minimum voltage
with a predetermined alarm value set by the invention. If the minimum voltage is higher
than the alarm value it means that the battery to be measured B2 is normal. To the
contrary, if the minimum voltage is equal to or lower than the alarm value it means that
the lowest point of the voltage curve has been reached or passed and the battery to be
measured B2 is determined to be abnormal.

In step 5 (i.e., result display), a result of calculation in step 3 is displayed on a
display. Further, an alarm is issued if the alarm value is reached in step 4.

The steps 1 to 5 can be repeatedly performed so as to monitor the battery to be

measured B2 for a long time. As a result, the driver can know the power level of the
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battery prior to starting the engine by noticing whether an alarm has been issued.

Referring to FIG. 2, there is shown a detailed flow chart illustrating the FIG.1
process according to the invention. The process 10 comprises the following steps:

Step 11 is a beginning in which an interrupt vector address is the beginning of the
process. Step 12 is an initialization in which registers and input/output (I/0) pins are
initialized and the interrupt vector and a timer are enabled. Next, an initial value of the
register is set, the interrupt vector and the timer are enabled, and status and initial value
of each pin is defined respectively. In step 13, a predetermined alarm value V,,, and a
time parameter t are set by the invention. In step 14, initial value of the ith sampling is
set as zero (i.e., count equal to 0) by the invention. Further, an open-circuit voltage Vo
is measured. In step 15, an increment of i is performed. In step 150, the invention
samples the battery to be measured B2 every 1/t second for obtaining the ith sampled
voltage Vi. In step 151, a voltage curve is obtained by connecting a plurality of
continuous sampled voltage values Vi. In step 152, the invention performs a calculating
operation to find a function of the minimum voltage V ; and then to compare the
minimum voltage V.. with the current sampled voltage Vi for replacing the current
minimum voltage V. with Vi if Vi is less than the current minimum voltage V ;.. In
step 153, the invention compares the current minimum voltage V., with the
predetermined alarm value V.. If the minimum voltage V . is equal to or lower than
the alarm value V., it means that the lowest point of the voltage curve has been
reached or passed and the process then goes to step 16. Otherwise (i.e., the battery to be
measured B2 is normal), the process loops back to step 15. In step 16, an alarm is issued
by a display. The process then loops back to step 15.

FIG. 3 is a block diagram of a first preferred embodiment of the monitor and alarm

device 20 for monitoring 2 vehicle's electric power according to the invention. The
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monitor and alarm device 20 is installed in an automobile and comprises a stabilization
circuit 21, a CPU (central processing unit) or MCU (microprocessor control unit) 22, a
voltage sampling circuit 23, a current control circuit 24, and a display circuit 25. The
monitor and alarm device 20 is parallel connected to a current source to be measured 30.
Each component is described in detail below. The stabilization circuit 21 acts to provide
a constant current to the CPU or MCU 22 and other components. The CPU or MCU 22
acts to control sampling of voltage, data storage, calculation, comparison, result display,
etc. The voltage sampling circuit 23 is commanded by the CPU or MCU 22 to fetch
voltage data from the current source to be measured 30 every 1/t second. The fetch
voltage data is then sent to the CPU or MCU 22 for processing. The display circuit 25 is
commanded by the CPU or MCU 22 to show the measurement result on a LCD (liquid
crystal display) or any of other suitable displays.

The current source to be measured 30 comprises the battery to be measured B2 and
the parallel starting motor S1. Thus, the monitor and alarm device 20 is directly parallel
connected to both the battery to be measured B2 and the starting motor S1 in which the
starting motor S1 is taken as a load for forming an outer loop sampling circuit. Also, 1/t
second is defined as a time interval. A voltage curve is formed by connecting a plurality
of continuous voltage values sampled in the time intervals. Moreover, a minimum
voltage of the curve is compared with a predetermined alarm value set by the invention
s0 as to determine a status of the battery to be measured B2, thereby issuing an alarm if
necessary.

FIGS. 3A, 3B, 3C and 3D are graphs illustrating experimental values (e.g., voltage
values) with respect to three different batteries as measured by the apparatus of the
invention. In FIG. 3A, a voltage curve of the first battery to be measured begins from

point P1 to point P2 where the engine is starting. A voltage measured at the parallel
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terminals is dropped significantly temporarily during the engine starting period, thus
forming a lowest point P3 of the voltage curve. Hence, a minimum voltage is obtained
at point P3. The minimum voltage is 8.88 V as indicated by cursor 2 (see FIG, 3A). A
subsequent section P4 represents that the engine has been started. It is possible of
determining whether the starting motor is operating normally by observing the curve
section P4. For example, three ripples should be formed at the section P4 after the
engine has been started if the starting motor is a three-phase motor. If the number of
ripples is less than three it means that the starting motor does not operate normally.
Hence, it is possible of determining whether the battery to be measured B2 is operating
normally by observing the curve section P4. A final point PS5 represents a charging point
of an alternator. FIG. 3B is shown an enlarged view of the lowest portion of the voltage
curve shown in FIG. 3A. The minimum voltage is 8.88 V as indicated by cursor 2. Itis
possible of observing a detailed variation of the voltage curve at this portion. In FIG. 3C,
showing the second battery to be measured, and the minimum voltage is 5.12 V as
indicated by cursor 2. This means that the battery is about to be replaced. In FIG. 3D,
showing the third battery to be measured, the minimum voltage is 1.11 V as indicated
by cursor 2. A plurality of substantially parallel bar-waves are formed rather than a
continuous curve consisting of small variations as indicated by the curve section P4 in
FIG. 3A. This means that the starting motor is not operating normally. That is, the
starting motor cannot be started by the battery having the minimum voltage. This means
that the battery is dead. In view of the above, it is possible of determining whether the
battery to be measured is operating normally by observing variations of the voltage
curves measured with respect to three batteries. This is a significant characteristic of the
invention.

Referring to FIG. 4, there is shown a block diagram of a second configuration of
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the monitor and alarm device 20 according to the invention. In the embodiment, the
monitor and alarm device 20 further comprises a battery B2 polarity reverse protection
circuit 26 for preventing a damage to the current source to be measured 30 from
occurring due to polarity reverse of battery and an audio alarm circuit 27 commanded
by the CPU or MCU 22 to issue an audio alarm on an occurred irregularity (e.g., power
low, aging, or damage) of the battery B2 based on a measurement result.

Referring to FIG. 5, there is shown a block diagram of a third configuration of the
monitor and alarm device 20 according to the invention. In the embodiment, the monitor
and alarm device 20 further comprises a power detection circuit 28 commanded by the
CPU or MCU 22 to fetch voltage data from the current source to be measured 30 for
sending to the CPU or MCU 22 to determine a status of the charging battery B2 and
subsequently send the status to the CPU or MCU 22 for further processing, a digital
display 281 commanded by the CPU or MCU 22 to display the measurement result in a
digital form, and a digital signal interface converter 282 commanded by the CPU or
MCU 22 to communicate with the external through an interface based on the
measurement result.

In the invention, the CPU or MCU 22 is able to detect whether a charging
irregularity is occurred at the battery B2 since the monitor and alarm device 20 is
parallel connected to the battery B2. Voltage measured on the parallel side will increase
to a predetermined value during charging. In other words, a charging irregularity can be
easily found if the voltage value does not reach to the predetermined value. Hence, it is
possible of detecting the charging irregularity of the battery B2 by the power detection
circuit 28. Also, the CPU or MCU 22 will issue an alarm in response to the charging
irregularity.

Referring to FIG. 6, there is shown a block diagram of a fourth configuration of the
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monitor and alarm device 20 according to the invention. In the embodiment, the monitor
and alarm device 20 further comprises a battery temperature sensor 291 and a battery
temperature detection circuit 29 for sending temperature data of the battery sensed by
the battery temperature sensor 291 to the CPU or MCU 22 so as to calculate a correct
available power of battery by referring to a characteristic curve of battery temperature
without being adversely affected by environment factors. The correct available power of
the battery is in turn used for modifying an alarm value. For information about the
available power of battery versus ambient temperature, refer to the characteristic curves
in FIGS. 13, 14 above.

Referring to FIG. 7, it depicts a simplified circuit diagram of the apparatus of the
present invention. As shown, the apparatus of the present invention basically comprises
a monitor and alarm device 20A which is directly parallel connected to a current source
30 to be measured. In the current source 30, B2 represents a battery to be measured, and
S1 represents a starting motor. In the alarm device 20A, 25A represents a LED D4, 21A
represents a 5V DC power source to provide a DC current to CPU 22, CPU 22 serves to
control sampling voltage, data storage, calculation, comparison, and result display, etc.
Therefore, the apparatus of this configuration of the present invention can also perform
the same functions as mentioned above.

Referring to FIGS. 8 to 11, there is shown a second preferred embodiment of the
invention, In brief, a method of the invention comprises implementing a double loop
technique to monitor an available power of the current source to be measured 30 in a
long time basis, taking the starting motor S1 as a load for forming an outer loop
sampling circuit, forming an inner loop sampling circuit by utilizing an internal load of
the monitor and alarm device 20, alternatively performing different monitoring modes

by suitably dividing time into a plurality of time intervals, and optimizing the same.
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Referring to FIGS. 3 to 6 again, in the second embodiment the monitor and alarm
device 20 further comprises a current control circuit 24 which is commanded by the
CPU or MCU 22 to contro! and adjust current on a load so as to measure an output
power of the current source to be measured 30.

FIG. 8 is a flow chart illustrating a process of monitoring a motor vehicle's electric
power according to the second preferred embodiment of the invention. It is found that
the monitoring process on the outer loop sampling circuit is substantially the same as
the first preferred embodiment. Thus a detailed description thereof is omitted herein for
the sake of brevity. The monitoring process on the inner loop sampling circuit
comprises the following steps:

In step 6 (i.e., inner loop sampling), an internal load of the monitor and alarm
device 20 is set as a load. The invention discharges the battery B2 every T2 second
(which is a very short period of time) by switching a power transistor for obtaining a
sampled voltage. The discharging is repeated N times by the invention so as to obtain N
sampled voltage values.

In step 7 (i.e., calculation), the invention calculates an average voltage and records
the same.

In step 8 (i.e., comparison), as referring to the characteristic curves in FIGS. 12 to
14 above, the gradient at the end of the characteristic curve tends to vary significantly,
i.e., a correct prediction is difficult. Hence, the invention sets a predetermined alarm
value in advance. The invention compares the recorded average voltage obtained in step
7 with the predetermined alarm value. Further, the result is displayed as in step 5.
Furthermore, if the average voltage is equal to or lower than the alarm value an alarm is
issued accordingly.

In a final step 9 (i.e., time interval of measurement), the invention measures the
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available power of battery every T2 second and waits a predetermined period of time
for a next measurement.

By repeating steps in FIG. 8, it is possible of monitoring the battery B2 for a long
time.

Referring to FIGS. 9, 9A, and 9B, there are shown detailed flow charts illustrating
the process in Fig. 8. A process 10" according to the second preferred embodiment of
the invention comprises the following steps:

Step 11 is a beginning in which an interrupt vector address is the beginning of the
process. Step 12 is an initialization in which registers and 1/O pins are initialized and the
interrupt vector and a timer are enabled. Next, an initial value of the register is set, the
interrupt vector and the timer are enabled, and status and initial value of each pin is
defined respectively. In step 13, an outer loop predetermined alarm value V.., an inner
loop predetermined alarm value v, and time parameters t, T2 are set by the invention
respectively. In step 14, initial value of the ith sampling is set as zero (i.e., count equal
to 0) by the invention. Further, an open-circuit voltage Vo is measured. In step 18 (i.e.,
time interval counting), a counter of the invention begins to count the number of time
intervals. In step 19 it is determined whether the added time intervals in the inner loop
sampling step has reached T2. If not, the process 10' goes to subroutine (A) prior to
looping back to step 18. If yes, the process 10' goes to subroutine (B) prior to looping
back to step 18. The subroutine (A) is an outer loop sampling program by taking the
starting motor S1 as a load. The subroutine (A) comprises the following steps: In step
15, an increment of i is performed. In step 150, the invention samples the battery to be
measured B2 every 1/t second for obtaining the ith sampled voltage Vi. In step 151, a
voltage curve is obtained by connecting a plurality of continuous sampled voltage

values Vi. In step 152, the invention performs a calculating operation to find a function
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of the minimum voltage V;, and then to compare the minimum voltage V ;, with the
current sampled voltage Vi for replacing the current minimum voltage V ;, with Vi if Vi
is less than the current minimum voltage V_;, In step 153, the invention compares the
current minimum voltage V.., with the predetermined alarm value V.. If the
minimum voltage V , is equal to or lower than the alarm value V., it means that the
lowest point of the voltage curve has been reached or passed prior to going to step 16
else it means that the battery to be measured B2 is normal. In step 16, an alarm is issued
by a display.

The subroutine (B) is an inner loop sampling program by utilizing the internal load
of the monitor and alarm device 20 as a load. The subroutine (B) comprises the
following steps: In step 17, load is enabled. The power transistor is conducted for
increasing the load current. In step 170, sample voltage in every time interval of T2.
Also, a current can be derived by dividing the voltage to resistance of the load by the
invention. That is, this is also a current sampling step. In step 171, the load is disabled.
The power transistor is cut off for cutting off the load current. In step 172, it is
determined whether the number of sampling has reached N, where N is an integer set by
the invention. If no, the process loops back to step 17. If yes, the process goes to step
173. In step 173, an average of sampled voltage values is obtained by calculation. Also,
this is an average current calculation step by referring to the well known current and
voltage equation (i.e., V=IR). In step 174, the invention compares the obtained average
voltage with the inner loop predetermined alarm value v. In step 175 (i.e., result
display), a result of comparison in step 174 is displayed on the display. Further, an
alarm is issued if the alarm value is reached in step 174.

Referring to FIG. 10, there is shown a diagram of time interval according to the

second preferred embodiment process of the invention. Each of the subroutines (A) and
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(B) alternatively performs different monitoring modes by suitably dividing time into a
plurality of time intervals so as to optimize the same.

Referring to FIG. 11, there is shown a circuit diagram according to the second
preferred embodiment of the apparatus of the invention. As shown, a power transistor is
labeled as QI, a resistor as a load is labeled as R2, a battery to be measured is labeled as
B3, a starting motor is labeled as S1, and a LED is labeled as D4. The resistor R2 may
be eliminated if desired.

Note that t has a value between 1 and 10000. Preferably, t is 1000. T has a value
lower than 1000  sec. Preferably, T has a value of 50 y sec. Preferably, N has a
value between 2 and 4.

Further note that V_, is obtained at the lowest point of the voltage curve during
engine starting in the above embodiments. In fact, V ;, can be obtained at any of other
points of the voltage curve during engine starting as shown in FIG. 3A. As shown,
voitage at any point of a curve section from the point P2 (i.e., the engine is starting) to
the point P5 (i.e., charging point of the alternator) can be taken as a battery
measurement point without departing from the scope and spirit of the invention.

While the invention herein disclosed has been described by means of specific
embodiments, numerous modifications and variations could be made thereto by those
skilled in the art without departing from the scope and spirit of the invention set forth in

the claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. Inan apparatus provided in a motor vehicle, the apparatus comprising:

a monitor and alarm device directly parallel connected to both a battery to be
measured and a starting motor of the motor vehicle;

wherein the starting motor is taken as a load for forming an outer loop sampling
circuit, 1/t second is set as a sampling time interval during discharging, voltage curve is
formed by connecting a plurality of continuous sampled voltage values each sampled in
1/t second, wherein the battery to be measured begins from a point P1 to a point P2
where an engine of the motor vehicle is beginning to start, then the voltage measured at
battery terminals is significantly and temporarily dropped down and formed a lowest
point P3 of the voltage curve during the engine starting at a very beginning period, thus
a minimum voltage value is obtained, in a subsequent section, a plurality of points p4 of
ripples voltage values are continuously formed to represent that the engine has been
started for a very short time period, and a final point P5 represents a charging point of
an alternator, and a minimum voltage value from any point of points P2 to P4 of the
voltage curve is compared with a predetermined alarm voltage value for determining a
status of the battery to be measured, and an alarm is issued in time if the status of the

battery to be measured is abnormal.

2. A method of monitoring the motor vehicle’s electric power comprising the steps
of:

(a) in an outer loop sampling: taking a starting motor as a load, and sampling a
battery to be measured every 1/t second for obtaining a sampled voltage;

(b) in a data storage: obtaining a voltage curve by connecting a plurality of

continuous voltage values each sampled in every 1/t second;
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(c) in a calculation: calculating a minimum voltage and recording the same;

(d) in a comparison: comparing a recorded minimum voltage with a predetermined
alarm value so that if the minimum voltage is higher than the predetermined alarm
voltage value, it meaning that the battery to be measured is normal else it meaning that a
lowest point of the voltage curve has been reached or passed and the battery to be
measured is determined to be abnormal;

(e) in a result display: displaying a result of the calculation in the step (c) on a
display, and issuing an alarm if the predetermined alarm value is reached in the step (d);

(f) as a beginning: setting an interrupt vector address as a beginning of the process;

(g) as an initialization: initializing registers and input/output (I/O) pins and
enabling the interrupt vector and a timer, setting an initial value of a register, enabling
the interrupt vector and the timer, and defining a status and an initial value of each pin
respectively;

(h) setting a predetermined alarm value V., and a time parameter t;

(i) setting an initial value of an ith sampling as zero and measuring an open-circuit
voltage Vo,

(j) performing an increment of a number of a samplings i;

(k) sampling the battery to be measured every 1/t second for obtaining the ith
sampled voltage;

(1) obtaining a voltage curve by connecting a plurality of continuous sampled
voltage values Vi;

(m) performing a calculating operation to find a function of a minimum voltage
Vi and then to compare the minimum voltage V., with the current sampled voltage Vi
for replacing the current minimum voltage V,;, with Vi if Vi less than the current

minimum voltage V

min»
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(n) comparing the current minimum voltage V ;, with a predetermined alarm value
V e Wherein if the minimum voltage V ;, is equal to or lower than the alarm value
V.am it meaning that the lowest point of the voltage curve has been reached or passed
and the process goes to the step (0) else the process loops back to the step (j)
representing the battery to be measured is normal; and

(o) issuing an alarm by a display prior to looping back to the step (j);
whereby it is of repeatedly performing the steps (a) to (¢) for monitoring the battery to
be measured for a long time, thereby informing a driver of a power level of the battery

prior to starting an engine by noticing whether an alarm has been issued.

3. The method of claim 2, wherein t has a value between 1 and 10000 and preferably
tis 1000.

4. The method of claim 2, wherein the minimum voltage V , is obtained at the

min

lowest point of the voltage curve during an engine starting.

5. The method of claim 2, wherein the minimum voltage V_;, is obtained at any of
other points of the voltage curve during an engine starting so that a voltage value at any
point of a curve section from a point P2 where the engine is starting to a point P5 where

an alternator is charging is taken as a battery measurement point.

6. An apparatus of monitoring a motor vehicle's electric power, the apparatus
comprising a monitor and alarm device directly parallel connected to a current source to
be measured, the monitor and alarm device comprising:

one of a CPU (central processing unit) and a MCU (microprocessor control unit)
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being directly parallel connected to the current source to be measured and operative to
control sampling of voltage, data storage, calculation, comparison, and result display;

a stabilization circuit being operative to provide a constant current to one of the
CPU and the MCU and the device for operation; and

a display circuit commanded by one of the CPU and the MCU to show a
measurement result on a LCD (liquid crystal display) or any of other displays;

wherein the current source to be measured includes a battery to be measured and a

parallel starting motor.

7.  The apparatus of claim 6, wherein the monitor and alarm device further comprises
a current control circuit commanded by the CPU or the MCU to control and adjust

current on a load for measuring an output power of the current source to be measured.

8.  The apparatus of claim 6, wherein the monitor and alarm device further comprises:
a voltage sampling circuit commanded by one of the CPU and the MCU to fetch
voltage data from the current source to be measured every 1/t second and to send the
fetched voltage data to one of the CPU and the MCU for processing; and
an audio alarm circuit commanded by one of the CPU and the MCU to issue an
audio alarm on a low power of the battery to be measured or an alternator damage;
whereby an audible warning is being issued to any of occurred irregularities

including battery aging, battery damage, and other malfunctioned electrical devices.

9. The apparatus of claim 6, wherein the monitor and alarm device further comprises:
a power detection circuit commanded by one of the CPU and the MCU to fetch

voltage and current data from the current source to be measured for sending to one of
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the CPU and the MCU to determine a status of the battery to be measured and
subsequently send a status to one of the CPU and the MCU for processing;

a digital display commanded by one of the CPU and the MCU to display a
measurement result in a digital form; and

a digital signal interface converter commanded by one of the CPU and the MCU to
communicate with an external through an interface based on the measurement result;

whereby it is of detecting any of other direct current sources, alternatively
performing different monitoring modes, determining whether there is no power or
insufficient charging of the current source to be measured by a power detection circuit,
and issuing an early warning by light or sound by one of the CPU and the MCU by

display by the digital display.

10. The apparatus of claim 6, wherein the monitor and alarm device further comprises:

a battery temperature sensor; and

a battery temperature detection circuit for sending temperature data of the battery
to be measured sensed by a battery temperature sensor to one of the CPU and the MCU
s0 as to calculate a correct available power of the battery to be measured by referring to
a characteristic curve of battery temperature without being adversely affected by
environment factors;

wherein a correct available power of the battery to be measured is in turn used for

modifying the predetermined alarm value.

11. In an apparatus provided in a motor vehicle, the apparatus including a monitor and
alarm device parallel connected to both a battery to be measured and a starting motor of

the motor vehicle wherein a double loop technique is employed to monitor an available
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power of a current source to be measured in a long time basis, the starting motor is
taken as a load for forming an outer loop sampling circuit, an inner loop sampling
circuit is formed by utilizing an internal load of the monitor and alarm device, and
alternatively performs different monitoring modes by suitably dividing time into a
plurality of time intervals, a method of monitoring the motor vehicle's electric power in
the outer loop sampling circuit comprising the steps of:

(a) in an outer loop sampling; taking the starting motor as the load, and sampling
the battery to be measured every 1/t second for obtaining a sampled voltage;

(b) in a data storage: obtaining the voltage curve by connecting a plurality of
continuous voltage values;

(¢) in a calculation: calculating a minimum voltage and recording the same;

(d) in a comparison: comparing the recorded minimum voltage with the
predetermined alarm value so that if the minimum voltage is higher than the
predetermined alarm value it meaning that the battery to be measured is normal else it
meaning that a lowest point of the voltage curve has been reached or passed and the
battery to be measured is determined to be abnormal; and

(e) in a result display: displaying a result of the calculation in the step (c) ona
display, and issuing an alarm if the predetermined alarm value is reached in the step (d);

whereby it is of repeatedly performing the steps (a) to (¢) for monitoring the
battery to be measured for a long time, thereby informing a driver of a power level of
the battery prior to starting an engine by noticing whether an alarm has been issued;
a method of monitoring the motor vehicle's electric power in the inner loop sampling
circuit comprising the steps of:

(f) in an inner loop sampling: setting an internal load of the monitor and alarm

device as a load, discharging the battery to be measured every T2 second by quickly
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switching a power transistor for obtaining a sampled voltage, and repeating the
discharging N times so as to obtain N sampled voltage values;

(g) in a calculation: calculating an average voltage and recording the same;

(h) in a comparison: comparing the average voltage obtained in the step (g) with a
predetermined alarm value, displaying a result of the comparison in the step (¢) on the
display, and issuing an alarm if the predetermined alarm value is reached; and

(i) in a time interval of measurement: measuring an available power of the battery
to be measured every T2 second and waiting a predetermined period of time for a next
measurement;

whereby it is of monitoring the battery to be measured for a long time by repeating

the steps (f) to (i).

12. The method of claim 11, further comprising a process comprising:

step 11 as a beginning setting an interrupt vector address as an beginning of the
process;

step 12 as an initialization initializing registers and input/output (/O) pins and
enabling the interrupt vector and a timer, setting an initial value of a register, enabling
the interrupt vector and the timer, and defining a status and an initial value of each pin
respectively;

step 13 setting an outer loop predetermined alarm value V.. an inner loop
predetermined alarm value v, and a time parameters t, T2;

step 14 setting an initial value of an ith sampling as zero and measuring an
open-circuit voltage Vo;

step 18 as a counting of time interval counting a number of time intervals by a

counter; and
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step 19 determining whether an added time intervals in the inner loop sampling
step has reached T2 wherein if not, the process goes to a subroutine (A) prior to looping

back to the step 18 else goes to a subroutine (B) prior to looping back to the step 18.

13. The method of claim 12, wherein the subroutine (A) is an outer loop sampling
program by taking the starting motor S1 as a load, the subroutine (A) comprises:

step 15 performing an increment of a number of samplings i;

step 150 sampling the battery to be measured every 1/t second for obtaining the ith
sampled voltage;

step 151 obtaining a voltage curve by connecting a plurality of continuous sampled
voltage values Vi;

step 152 performing a calculating operation to find a function of a minimum
voltage V ;. and then to compare the minimum voltage V ;. with the current sampled
voltage Vi for replacing the current minimum voltage V_;, with Vi if Vi less than the
current minimum voltage V.;

step 153 comparing the current minimum voltage V ;, with the predetermined
alarm value V., wherein if the minimum voltage V. is equal to or lower than the
alarm value V. it meaning that the lowest point of the voltage curve has been reached
or passed and the subroutine (A) goes to step 16 else the subroutine (A) loops back to
the step 15 representing the battery to be measured is normal; and

step 16 issuing an alarm by a display.

14. The method of claim 13, wherein the minimum voltage V ;, is obtained at the

lowest point of the voltage curve during the engine starting.
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15. The method of claim 13, wherein the minimum voltage V ., is obtained at any of
other points of the voltage curve during the engine starting so that a voltage value at any
point of a curve section from a point P2 where the engine is starting to a point PS where

an alternator is charging is taken as a battery measurement point.

16. The method of claim 12, wherein the subroutine (B) is an inner loop sampling
program by utilizing an internal load of the monitor and alarm device, the subroutine (B)
comprises:

step 17 enabling a load, conducting a power transistor for increasing a load current;

step 170 sampling voltage in every time interval of T2 and deriving a current by
dividing a voltage to a resistance of the load so that this is also a current sampling step;

step 171 disabling the load and cutting off the power transistor for cutting off the
load current;

step 172 determining whether a number of sampling has reached an integer N
wherein if not, the subroutine (B) loops back to the step 17;

step 173 obtaining an average of the sampled voltage values by calculation so that
this is an average current calculation step;

step 174 comparing an average voltage with the inner loop predetermined alarm
value v; and

step 175 displaying a result of a comparison in the step 174 on a display and

issuing an alarm if the alarm value is reached in the step 174,

17. The method of claim 12, wherein t has a value between 1 and 10000 and preferably
tis 1000.
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18. The method of claim 12, wherein T2 has a value lower than 1000 g sec and

preferably T2 has a value of 50 1 sec, and preferably N has a value between 2 and 4.
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