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TIME-SHARING WAVE RECORDING
METHOD

FIELD OF THE INVENTION

[0001] The present application relates to a time-sharing
wave recording method, and more particularly to a time-
sharing wave recording method for an embedded system of
a power supply apparatus.

BACKGROUND OF THE INVENTION

[0002] An embedded system is usually embedded in a
control unit of an integrated power supply apparatus. The
embedded system is used for providing control signals to the
electronic components in the same apparatus while achiev-
ing the monitoring and communicating functions. Therefore,
it is important to increase the safety, reliability and perfor-
mance of the power supply apparatus with the embedded
system.

[0003] During the operations of the power supply appa-
ratus, the power supply apparatus may have fault or mal-
function. In order to quickly diagnose and locate the fault
source, the conventional power supply apparatus is addi-
tionally equipped with a wave recording device to record the
operating data of the power supply apparatus. After these
operating data recorded by the wave recording device are
analyzed and read, the present operating condition or the
previous operating condition of the power supply apparatus
is recovered and the possible causes of the abnormal con-
dition are deduced.

[0004] However, since the conventional power supply
apparatus is additionally equipped with the wave recording
device and the wave recording device is independent from
the control unit of the power supply apparatus, the devel-
oping time and cost are increased. Since the wave recording
device is independent from the control unit of the power
supply apparatus, the wave recording device is only able to
record the operating data outside the power supply appara-
tus. For example, the wave recording device is only able to
record the voltages, currents or other physical quantities of
the environment. The wave recording device cannot record
the characteristic variables (e.g., the variables used for
system loop control) of the control unit of the power supply
apparatus. Moreover, the wave recording device cannot
analyze and process the above-mentioned characteristic
variables.

[0005] Therefore, there is a need of providing a time-
sharing wave recording method so as to overcome the
drawbacks of the conventional technologies.

SUMMARY OF THE INVENTION

[0006] The present application provides a time-sharing
wave recording method for an embedded system of a power
supply apparatus. Since the power supply apparatus is not
additionally equipped with a wave recording device to
record the operating data of the power supply apparatus, the
associated cost and time are saved. In addition, the operating
variable recorded by the time-sharing wave recording
method can be further analyzed and processed.

[0007] In accordance with an aspect of the present appli-
cation, a time-sharing wave recording method for an embed-
ded system of a control unit of a power supply apparatus is
provided. The embedded system includes a memory. The
time-sharing wave recording method includes the following
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steps. In a step (a), a plurality of operating variables are
defined in the embedded system, N1 operating variables are
selected from the plurality of operating variables so as to be
recorded, and the storage addresses of the N1 operating
variables are mapped to N1 index variables, wherein N1 is
a positive integer. In a step (b), N2 record channels in a
sequential relationship are provided, and a mapping rela-
tionship between each record channel and arbitrarily-se-
lected index variables of the N1 index variables is estab-
lished, wherein N2 is a positive integer. In a step (c), the
values of the operating variables corresponding to the
mapped index variables are assigned to a first record channel
of the N2 record channels in response to a rising edge of a
pulse of the clock signal from the embedded system and a
start triggering signal, the values of the operating variables
corresponding to the mapped index variables are sequen-
tially assigned to the rest of the N2 record channels in
response to a rising edge of each pulse of the clock signal
and the start triggering signal, and the assigned values of the
operating variables for the N2 record channels are recorded
to the memory. The procedure of assigning the values of the
operating variables to the record channels is stopped in
response to a stop triggering signal.

[0008] The above contents of the present application will
become more readily apparent to those ordinarily skilled in
the art after reviewing the following detailed description and
accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a flowchart illustrating a time-sharing
wave recording method according to an embodiment of the
present application;

[0010] FIG. 2 is a schematic functional block diagram
illustrating the architecture of a power supply apparatus
using the time-sharing wave recording method as shown in
FIG. 1,

[0011] FIG. 3 is a schematic functional block diagram
illustrating the architecture of an embedded system in a
control unit of the power supply apparatus as shown in FIG.
2;

[0012] FIG. 4 schematically illustrates the mapping rela-
tionship between each record channel and the index vari-
ables in the step S2 of the time-sharing wave recording
method as shown in FIG. 3;

[0013] FIG. 5 is schematic timing waveform diagram
illustrating a clock signal with a plurality of pulses provided
by the embedded system and a start triggering signal and a
stop triggering signal received by the embedded system;

[0014] FIG. 6 is a matrix indicating the record results of
(M+1) discrete sampling operations of the N2 record chan-
nels; and

[0015] FIG. 7 is a flowchart illustrating the sub-steps of
the step S3 of the time-sharing wave recording method as
shown in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0016] The present application will now be described
more specifically with reference to the following embodi-
ments. It is to be noted that the following descriptions of
preferred embodiments of this application are presented
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herein for purpose of illustration and description only. It is
not intended to be exhaustive or to be limited to the precise
form disclosed.

[0017] Please refer to FIGS. 1, 2 and 3. FIG. 1 is a
flowchart illustrating a time-sharing wave recording method
according to an embodiment of the present application. FIG.
2 is a schematic functional block diagram illustrating the
architecture of a power supply apparatus using the time-
sharing wave recording method as shown in FIG. 1. FIG. 3
is a schematic functional block diagram illustrating the
architecture of an embedded system in a control unit of the
power supply apparatus as shown in FIG. 2. As shown in
FIG. 2, the power supply apparatus 1 includes a control unit
10, a power unit 11 and a connection interface 12. As shown
in FIG. 3, the control unit 10 includes an embedded system
10a. The time-sharing wave recording method is applied to
the embedded system 10a of the control unit 10.

[0018] The power unit 11 is used for converting an input
power into an output power. The output power is provided
to a load (not shown) outside the power supply apparatus 1.
For example, the load includes a communication device
and/or a data storage device.

[0019] The control unit 10 is electrically connected with
the power unit 11 and issues a control signal to control the
power unit 11. The control unit 10 includes at least one
embedded system 10a. The embedded system 10a receives
a sampling signal from the power supply apparatus 1. For
example, the sampling signal contains an input voltage
signal, an input current signal, an output voltage signal, an
output current signal and/or a temperature signal. According
to the sampling signal, the control signal is correspondingly
adjusted and the power unit 11 is controlled according to the
control signal. It is noted that the functions of different
embedded systems may be identical or different. That is, the
functions of different embedded systems may be set accord-
ing to the practical requirements. Moreover, the control unit
10 further generates a clock signal with a plurality of pulses.

[0020] In this embodiment, the power supply apparatus 1
further includes a connection interface 12. The connection
interface 12 is electrically connected with the control unit
10. The control unit 10 is in communication with the
external load through the connection interface 12.

[0021] As shown in FIG. 3, the embedded system 10a of
the control unit 10 includes an input/output port 13, a
memory 14, an analog-to-digital converter 15, a main con-
trol chip 16 and a communication interface 17. The main
control chip 16 provides the main functions of the embedded
system 10a. Moreover, the main control chip 16 uses a
digitalized control mechanism. The input/output port 13 is a
transmission port for transmitting digital signals between the
main control chip 16 and the internal components of the
power supply apparatus 1. Consequently, the operating
information of the power supply apparatus 1 is provided to
the main control chip 16 through the input/output port 13.
Moreover, the main control chip 16 controls the power
supply apparatus 1 through the input/output port 13. An
example of the memory 14 includes but not limited to a
non-volatile memory (NVM). The analog-to-digital con-
verter 15 is used for converting analog signals into digital
signals. The communication interface 17 is electrically con-
nected with the main control chip 16 and electrically con-
nected with the connection interface 12. Consequently, the
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main control chip 16 is in communication with the external
load through the communication interface 17 and the con-
nection interface 12.

[0022] In this embodiment, the embedded system 10a of
the control unit 10 receives a plurality of operating variables
of the power supply apparatus 1. In an embodiment, the
operating variables include analog signal variables such as
voltages or currents. The analog signal variables are
obtained through a plurality of sampling units (not shown)
of'the power supply apparatus 1. In another embodiment, the
operating variables are digital signal variables. The digital
signal variables include the memory values of the program
that is executed in the main control chip 16 of the embedded
system 10a, e.g., the values of the in-chip/oft-chip resource
registers of the main control chip 16 and/or the intermediate
variables or the output results of PI controllers or other
complicated algorithms. Alternatively, the digital signal
variables include the signals that are received through the
input/output port 13.

[0023] Please refer to FIG. 1 again. The time-sharing wave
recording method includes the following steps. Firstly, in a
step S1, a plurality of operating variables are defined in the
embedded system 10a of the power supply apparatus 1, N1
specified operating variables to be recorded are selected
from the plurality of operating variables, and the storage
addresses of the N1 specified operating variables are
mapped to N1 index variables (ValueN1), wherein N1 is a
positive integer.

[0024] In the step S1, since the operating variables in the
power supply apparatus 1 are various, the plurality of
operating variables are previously defined in the embedded
system 10a of the power supply apparatus 1 according to the
practical requirements and are referred to as predefined
operating variables. Then, the N1 specified operating vari-
ables to be recorded are selected from the plurality of
predefined operating variables.

[0025] Then, in a step S2, the embedded system 10a
provides N2 record channels CHN2[ | in a sequential
relationship. The mapping relationship between each record
channel and arbitrarily-selected index variables of the N1
index variables is established, wherein N2 is a positive
integer.

[0026] FIG. 4 schematically illustrates the mapping rela-
tionship between each record channel and the index vari-
ables in the step S2 of the time-sharing wave recording
method as shown in FIG. 3. As shown in FIG. 4, the
mapping relationship between each record channel and the
index variables is a one-to-multiple relationship. That is,
each record channel may be mapped to one of the plurality
of index variables, and the same index variable may be
mapped to different record channels.

[0027] FIG. 5 is schematic timing waveform diagram
illustrating a clock signal with a plurality of pulses provided
by the embedded system and a start triggering signal and a
stop triggering signal received by the embedded system.
After the step S2, a step S3 is performed. At the time point
T1 corresponding to a rising edge of a pulse of the clock
signal from the embedded system 10a, the embedded system
10a receives a start triggering signal. In response to the
rising edge of the pulse of the clock signal and the start
triggering signal, the values of the operating variables cor-
responding to the mapped index variables are assigned to the
first record channel of the N2 record channels. In response
to the rising edge of the next pulse of the clock signal and



US 2020/0142592 Al

the start triggering signal, the values of the operating vari-
ables corresponding to the mapped index variables are
assigned to the second record channel of the N2 record
channels. During the time period between the time point T1
and the time point T2, the rest may be deduced by analogy.
The values of the operating variables assigned to the record
channels are stored in the memory 14. Consequently, the
wave recording process is performed. At the time point T3,
the embedded system 10a receives a stop triggering signal.
In response to the stop triggering signal, the procedure of
assigning the values of the operating variables correspond-
ing to the mapped index variables to the record channels is
stopped so that the wave recording process is ended.
[0028] In the step S3, the start triggering signal is gener-
ated when a pulse width modulation (PWM) signal is
generated in the power supply apparatus 1 (e.g., the PWM
signal is generated in the power unit 11 and used to control
the operations of the switch elements of the power unit 11)
or the embedded system 10a is enabled to start the wave
recording task. The stop triggering signal is generated when
the power supply apparatus 1 stops generating the PWM
signal, the wave recording task of the embedded system 10a
is disabled, the embedded system 10a detects an abnormal
condition of the power supply apparatus 1 or the time period
of performing the wave recording task by the embedded
system 10a reaches a predetermined time length. Moreover,
in response to the rising edge of each pulse of the clock
signal and the start triggering signal, the values of the
operating variables corresponding to the mapped index
variables are assigned to one corresponding record channel.
[0029] In an embodiment of the step S3, whenever any
record channel is given with the values of the operating
variables, the values of the operating variables assigned to
the record channel are stored in the memory 14. Alterna-
tively, after all record channels are given with the values of
the operating variables, the values of the operating variables
assigned to the record channels are collaboratively stored in
the memory 14.

[0030] FIG. 6 is a matrix indicating the record results of
(M+1) discrete sampling operations of the N2 record chan-
nels. Please refer to FIGS. 1 to 4 and FIG. 6. In the step S3,
(M+1) discrete sampling operations are performed on each
record channel. The term “discrete sampling” means that the
operating variables corresponding to the index variables for
each record channel in the (M+1) sampling operations are
not continuous. The reason is that the values are assigned in
a sequence from the first record channel to the N2-th record
channel. The value of the operating variable assigned to each
record channel at each time (i.e., the sampled value of the
record channel at each discrete sampling operation) is
selected from the sampled values of the operating variables
corresponding to the mapped index variables. Consequently,
after (M+1) discrete sampling operations of the N2 channels
are completed, the matrix as shown in FIG. 6 is obtained,
wherein M is a natural number. Moreover, the (M+1)
discrete sampling operations of each record channel may
indicate that the sample values of the same operating vari-
ables corresponding to each record channel are recorded at
different time points for (M+1) times. For example, the
output voltage (i.e., an operating variable) corresponding to
a specified record channel may be recorded at different time
points for (M+1) times.

[0031] Please refer to FIG. 6 and the step S3 of FIG. 1.
After the value of the operating variable corresponding to
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the index variable is assigned to the N2-th record channel,
the value of the operating variable corresponding to the
index variable is assigned to the first record channel again in
response to the rising edge of the next pulse of the clock
signal and the start triggering signal. For example, the values
of the operating variables are assigned to the N2 record
channels CH1[0], CH2[O0], . . . , and CHN2[0] sequentially.
Then, the values of the operating variables are assigned to
the N2 record channels CH1[1], CH2[1], ..., and CHN2[1].
The rest may be deduced by analogy. Consequently, each
record channel has been given with the operating variables
corresponding to the index variables for (M+1) times. More-
over, the values assigned to each record channel from the
first time to the (M+1)-th time are sequentially the sampled
values (discretely-sampled values) of the operating variables
corresponding to the mapped index variables for the record
channel from the first time to the (M+1)-th time.

[0032] FIG. 7 is a flowchart illustrating the sub-steps of
the step S3 of the time-sharing wave recording method as
shown in FIG. 1. As shown in FIG. 7, the step S3 includes
sub-steps S300~S312.

[0033] Firstly, the sub-step S300 is performed to judge
whether a start triggering signal is received in response to
the rising edge of the pulse of a clock signal from the
embedded system 10aq.

[0034] If the judging condition of the sub-step S300 is
satisfied, the sub-step S301 is performed. That is, the value
of the operating variable corresponding to the mapped index
variable is assigned to the i-th record channel at the (j+1)
time, wherein the initial value of i is 1, and the initial value
of'j is 0. Then, the sub-step S302 is performed. That is, the
value of the operating variable assigned to the i-th record
channel at the (j+1) time is recorded to the memory 14.
Then, in the sub-step S303, i is added by 1 (i=i+1). Then, the
sub-step S304 is performed to judge whether 1 is larger than
N2. If the judging condition of the sub-step S304 is satisfied,
the sub-step S305 is performed. That is, 1 is restored to 1.
Then, the sub-step S306 is performed to add 1 to j (j=j+1).
Then, the sub-step S307 is performed to judge whether j is
larger than M. If the judging condition of the sub-step S307
is satisfied, the sub-step S308 is performed to restore j to 0.
Then, a next pulse of the clock signal is selected (sub-step
S309), and the sub-step S300 is repeatedly done.

[0035] Whereas, if the judging condition of the sub-step
S300 is not satisfied, the sub-step S310 is performed to judge
whether a stop triggering signal is received. If the judging
condition of the sub-step S310 is satisfied, the sub-step S311
is performed to judge whether the values of the operating
variables corresponding to the index variables and assigned
to all record channels for all record times have been stored
in the memory 14. If the judging condition of the sub-step
S311 is not satisfied, the sub-step S312 is performed. Mean-
while, the values of the operating variables corresponding to
the index variables and assigned to all record channels for all
record times are stored in the memory 14. After the sub-step
S312 is completed, the sub-step S309 is performed.

[0036] Whereas, if the judging condition of the sub-step
S304 is not satisfied, the sub-step S309 is performed.
Similarly, if the judging condition of the sub-step S307 is not
satisfied, the sub-step S309 is performed. Similarly, if the
judging condition of the sub-step S310 is not satisfied, the
sub-step S309 is performed. Similarly, if the judging con-
dition of the sub-step S311 is satisfied, the sub-step S309 is
performed.
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[0037] From above descriptions, the present application
provides a time-sharing wave recording method for an
embedded system of a power supply apparatus. Since the
power supply apparatus is not additionally equipped with a
wave recording device to record the operating data of the
power supply apparatus, the associated cost and time are
saved. Since the time-sharing wave recording method is
applied to the embedded system of the control unit of the
power supply apparatus, the control unit may acquire the
operating variables of the power supply apparatus and even
record and track the operating variables. In the stage of
testing the power supply apparatus, the operating variables
may be further analyzed and read. Moreover, the embedded
system can acquire the operating variables in the environ-
ment of the power supply apparatus (voltages, currents or
other physical quantities of the environment). Consequently,
during the cooperative operations of the power supply
apparatus and the external load, the fault waveforms of the
power supply apparatus and the external load can be stored.
[0038] While the application has been described in terms
of what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the
application needs not be limited to the disclosed embodi-
ment. On the contrary, it is intended to cover various
modifications and similar arrangements included within the
spirit and scope of the appended claims which are to be
accorded with the broadest interpretation so as to encompass
all such modifications and similar structures.

What is claimed is:

1. A time-sharing wave recording method for an embed-
ded system of a control unit of a power supply apparatus, the
embedded system comprising a memory, the time-sharing
wave recording method comprising steps of:

(a) defining a plurality of operating variables in the
embedded system, selecting N1 operating variables
from the plurality of operating variables so as to be
recorded, and mapping storage addresses of the N1
operating variables to N1 index variables, wherein N1
is a positive integer;

(b) providing N2 record channels in a sequential relation-
ship, and establishing a mapping relationship between
each record channel and arbitrarily-selected index vari-
ables of the N1 index variables, wherein N2 is a
positive integer; and

(c) assigning values of the operating variables corre-
sponding to the mapped index variables to a first record
channel of the N2 record channels in response to a
rising edge of a pulse of a clock signal from the
embedded system and a start triggering signal, sequen-
tially assigning values of the operating variables cor-
responding to the mapped index variables to the rest of
the N2 record channels in response to a rising edge of
each pulse of the clock signal and the start triggering
signal, and recording the assigned values of the oper-
ating variables for the N2 record channels to the
memory, wherein the procedure of assigning the values
of the operating variables to the record channels is
stopped in response to a stop triggering signal.

2. The time-sharing wave recording method according to
claim 1, wherein in the step (c), (M+1) discrete sampling
operations are performed on each record channel, and the
value of the operating variable assigned to each record
channel and at each time is selected from the sampled values
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of the operating variables corresponding to the mapped
index variables, wherein M is a natural number.

3. The time-sharing wave recording method according to
claim 2, wherein after the value of the operating variable
corresponding to the index variable is assigned to the N2-th
record channel in the step (c), the value of the operating
variable corresponding to the index variable is assigned to
the first record channel again in response to a rising edge of
the next pulse of the clock signal and the start triggering
signal, wherein each record channel has been given with the
operating variables corresponding to the index variables for
(M+1) times, and the values assigned to each record channel
from the first time to the (M+1)-th time are sequentially the
sampled values of the operating variables corresponding to
the mapped index variables for the record channel from the
first time to the (M+1)-th time.

4. The time-sharing wave recording method according to
claim 3, wherein the step (c) comprises sub-steps of:

(c1) judging whether the start triggering signal is received
in response to the rising edge of the pulse of the clock
signal from the embedded system;

(c2) assigning the value of the operating variable corre-
sponding to the mapped index variable to the i-th
record channel at the (j+1) time, wherein an initial
value of i is 1, and an initial value of j is 0;

(c3) allowing the value of the operating variable assigned
to the i-th record channel at the (j+1) time to be
recorded to the memory;

(c4) adding 1 to 1;

(c5) judging whether 1 is larger than N2;

(c6) restoring 1 to i;

(c7) adding 1 to j;

(c8) judging whether j is larger than M;

(c9) restoring j to 0;

(c10) judge whether the stop triggering signal is received
in response to the rising edge of the pulse of the clock
signal from the embedded system;

(c11) judging whether the values of the operating vari-
ables corresponding to the index variables and assigned
to all record channels for all record times have been
stored in the memory;

(c12) allowing the values of the operating variables
corresponding to the index variables and assigned to all
record channels for all record times to be stored in the
memory; and

(c13) selecting the next pule, and performing the step (c1)
again,

wherein if a judging condition of the step (c1) is satisfied,
the steps (¢2), (c3), (c4) and (c5) are performed sequen-
tially, wherein if a judging condition of the step (c5) is
satisfied, the steps (c6), (c7) and (c8) are performed
sequentially, wherein if a judging condition of the step
(c8) is satisfied, the steps (c9) and (c13) are performed
sequentially, wherein if the judging condition of the
step (c1) is not satisfied, the step (c10) is performed,
wherein if a judging condition of the step (c10) is
satisfied, the step (cll) is performed, wherein if a
judging condition of the step (c11) is not satisfied, the
steps (c12) and (cl13) are performed sequentially,
wherein if the judging condition of the step (¢5) is not
satisfied, the step (c13) is performed, wherein if the
judging condition of the step (c8) is not satisfied, the
step (c13) is performed, wherein if the judging condi-
tion of the step (c10) is not satisfied, the step (c13) is
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performed, wherein if the judging condition of the step
(c11) is satisfied, the step (c13) is performed.

5. The time-sharing wave recording method according to
claim 1, wherein the memory is a non-volatile memory.

6. The time-sharing wave recording method according to
claim 1, wherein the start triggering signal is generated when
a pulse width modulation signal is generated in the power
supply apparatus or the embedded system is enabled to start
a wave recording task.

7. The time-sharing wave recording method according to
claim 1, wherein the stop triggering signal is generated when
the power supply apparatus stops generating a pulse width
modulation signal, a wave recording task of the embedded
system is disabled, the embedded system detects an abnor-
mal condition of the power supply apparatus, or a time
period of performing the wave recording task reaches a
predetermined time length.
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8. The time-sharing wave recording method according to
claim 1, wherein the operating variables are analog signal
variables.

9. The time-sharing wave recording method according to
claim 1, wherein the operating variables are digital signal
variables.

10. The time-sharing wave recording method according to
claim 1, wherein in the step (c), whenever any record
channel is given with the values of the operating variables,
the values of the operating variables assigned to the record
channel are stored in the memory.

11. The time-sharing wave recording method according to
claim 1, wherein in the step (c), after all record channels are
given with the values of the operating variables, the values
of'the operating variables assigned to the record channels are
collaboratively stored in the memory.
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