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DECODING CIRCUIT AND DECODING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 98140368, filed on Nov. 26, 2009. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a decoding circuit and a decoding
method thereof, and more particularly, to a decoding circuit of
a DMX512 signal format and a decoding method thereof.

2. Description of Related Art

DMX512 protocol standard is a data transmission standard
initially proposed by United States of Institutes for Theater
Technology (USITT) in 1986, and is a commonly used con-
trol protocol in the field of entertainment lighting. The
DMX512 communication technology applies an asynchro-
nous communication format, where each lighting adjustment
data is composed of 11 bits, including one bit representing a
start time, 8 bits representing a data byte and two stopping
bits, and 512 lighting adjustment data can be transmitted
every time. Currently, stage light controls mostly use the
DMX512 protocol standard to perform the stage light control.

In the DMX512 protocol standard, every transmitting data
includes a break signal and a plurality of data signals, where
the break signal is usually a logic low level for 88 micro-
seconds(us). The break signal is a start signal of data, and a
chip can determine a start of the signal by detecting the break
signal. The break signal is followed by a plurality of time
slots, and there is also a mark between every neighboring time
slots as an interval, where the mark is alogic high level. When
there is no DMX data packet generated, the signal is kept at
the logic high level, and this is a mark after the last time slot.
Therefore, there is usually a mark signal of the logic high
level present before the break signal.

Nowadays, the driver circuit of light emitting diodes (LED)
may also apply the DMX 512 signal format to transmit the
driving data. In order to speed up the data transmission,
transmission ways of 2 frequency multiplications (or two
times the frequency of an standard DMX 512 protocol) or 4
frequency multiplications (or four times the frequency of an
standard DMX 512 protocol) of the standard DMX512 signal
format transmission rate are applied, mainly to shorten the
standard time specification in the DMX512 signal format to
V4 or V4. Since the driver circuit of LED usually transfers the
DMX512 signals in a serially connected fashion, if there are
too many of the serially connected chips, the signal is easily
made distorted, and the chip(s) serially connected thereafter
thereby cannot correctly decode the data.

SUMMARY OF THE INVENTION

The invention provides a decoding circuit and a decoding
method thereof which can correctly decode the input signal
corresponding to the DMXS512 signal format no matter the
input signal is an in-phase signal or an inverted signal.

The invention proposes a decoding circuit, adapted for
decoding an input signal. The input signal corresponds to the
DMX512 signal format, and the input signal includes at least
a break, where the length of the break is a preset time. The
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decoding circuit includes a decoding unit and a detecting unit.
The detecting unit, coupled to the decoding unit, is configured
for detecting whether the input signal is kept at a specific logic
level for more than the preset time. When the input signal is
kept at the specific logic level for more than the preset time,
the detecting unit determines to output the input signal or the
inverted input signal to the decoding unit to perform a decod-
ing process.

In an embodiment of the invention, the detecting unit
includes a multiplexer, an inverter and a level detecting unit.
The multiplexer has a first input terminal, a second input
terminal and a selecting terminal, and the first input terminal
of the multiplexer receives the input signal. The inverter,
coupled between the second input terminal and the input
signal, is configured for inverting the input signal and output-
ting the inverted input signal to the second input terminal
Besides, the level detecting unit, coupled to the selecting
terminal of the multiplexer and the input signal, is configured
for detecting whether the input signal is kept at the specific
logic level for more than the preset time and controlling the
multiplexer according to the voltage level of the specific logic
level such that the multiplexer is made to output the input
signal or the inverted input signal.

In an embodiment of the invention, when the specific logic
level is a logic high level, the multiplexer outputs the received
input signal to the decoding unit. On the contrary, when the
specific logic level is alogic low level, the multiplexer outputs
the inverted input signal to the decoding unit.

In an embodiment of the invention, the decoding unit is a
DMX512 decoder.

In an embodiment of the invention, the input signal
includes at least a mark, and the detecting unit detects
whether a mark located before the break is over the preset
time.

From another perspective, the invention proposes a decod-
ing method, adapted for a decoding circuit to decode an input
signal. The input signal corresponds to the DMX512 signal
format, and the input signal includes at least a break, whose
length is a preset time. The decoding method includes: firstly,
receiving an input signal. Next, the input signal is detected
whether being kept at a specific logic level for more than the
preset time. When the input signal is kept at the specific logic
level for more than the preset time, according to the voltage
level of the specific logic level, the input signal or the inverted
signal is output to a decoding unit in the decoding circuit to
perform the decoding process.

In view of the above, the invention utilizes the detecting
unit to detect the logic level of the input signal being high or
low and a keeping duration of the logical level so as to deter-
mine a polarity of the input signal and determine whether to
invert the input signal according to the determination result.
Accordingly, no matter the input signal is the in-phase signal
or the inverted signal, the decoding circuit can correctly
decode the input signal.

In order to make the features and advantages of the inven-
tion comprehensible, preferred embodiments accompanied
with figures are described in detail below.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
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illustrate embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

FIG.1isablock diagram of a decoding circuit according to
a first embodiment of the invention.

FIG. 2 is ablock diagram of a decoding circuit according to
a first embodiment of the invention.

FIG. 3. is a waveform schematic diagram of an input signal
according to a first embodiment of the invention.

FIG. 4 is a flowchart of a decoding method according to a
second embodiment of the invention.

FIG. 5 is a flowchart of a decoding method according to a
second embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

First Embodiment

FIG.1isablock diagram of a decoding circuit according to
a first embodiment of the invention. Referring to FIG. 1, a
decoding circuit 100 includes a detecting unit 102 and a
decoding unit 104 coupled to the detecting unit 102. The
decoding circuit 100 can be integrated into a driver chip of a
LED and configured for decoding driving data of the
DMX512 signal format. The driver chip controls variations of
darkness and brightness of the LED according to the driving
data so as to produce different illumination effects. The
decoder unit 104 is, for example, a DMX512 decoder, and can
be applied to detect the input signal corresponding to the
DMX512 signal format, such as the DMX512 signal format
of'2 frequency multiplications or the DMX512 signal format
of 4 frequency multiplications. Since transferring signal in a
serially connected system may induce the signal waveform
distortion, therefore, during the transmission process, the
input signal may be inverted and then transmitted to the next
driver chip to prevent the problem of the waveform distortion.

Since the input signal is further output to the driver chip
serially connected thereafter after being inverted, the phase of
the signal received by anindividual chip may be different, and
could be an in-phase signal or an inverted signal. Therefore,
before performing the decoding process, the phase of the
received signal has to be detected, and then adjusted to be the
in-phase signal, which is further output to the DMX decoder
to perform the decoding process. Because there are a mark
and a break in the DMX signal format, each data starts from
the break (standard length is 88-176 ps), and when there is not
data packet output, the signal is kept at a logic high level (i.e.,
the logic high level is the mark). Therefore, the input signal
can be determined whether being the inverted input signal by
detecting the voltage level of the mark in the input signal. The
way of determining the mark can be determined by the keep-
ing time of the voltage level, and as long as the time length
thereof is over the time length of the break, it can be deter-
mined to be the mark. This is because that, in the DMX signal
format, only the time length of the mark can be configured to
be greater than the time length of the break. Accordingly, in
the present embodiment, the detecting unit 102 determines
whether the input signal is the inverted signal by utilizing the
voltage level of the input signal.

Referring to FIG. 1, the detecting unit 102 detects whether
the input signal S1 is kept at a specific logic level for more
than the preset time after receiving the input signal S1 corre-
sponding to the DMX512 signal format. When the input
signal S1 is detected to be at the logic high level for more than
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the preset time, this means that the input signal S1 is the
DMX512 signal in an in-phase format, and the detecting unit
102 may directly output the received input signal S1 to the
decoding unit 104 to perform the decoding process. When the
input signal S1 is detected to be atthe logic low level for more
than the preset time, this means that the input signal S1 is the
DMX512 signal in an inverted format, and the detecting unit
102 may invert the received input signal S1 and then output
the inverted input signal to the decoding unit 104 to perform
the decoding process.

Since the input signal corresponds to the DMX512 signal
format, there are breaks and the marks the data format. The
preset time can be set according to the time length of an break
in the input signal S1, for example, equal to or greater than the
time length of the break. That is to say, the invention utilizes
the logic level of the mark in the signal to determine the phase
of'the signal, when the mark of the logic high level is detected,
it means that the signal is an in-phase signal; when the mark
of'the logic low level is detected, it means that the signal is an
inverted signal. Since only the time length ofthe mark is more
than the time length of the break in the DMXS512 signal
format, so the data bits in the signal do not affect the deter-
mination. The time length of the mark can be adjusted accord-
ing to design requirements, and a standard length of a mark in
the standard DMX512 signal format is 0-1 second.

Through the determination of the detecting unit 102, the
input signal S1 with in-phase is directly input to the decoding
unit 104, or the input signal S1 with inverted phase is adjusted
to be the in-phase signal and then output to the decoding unit
104. Accordingly, the input signal S1 received by the decod-
ing unit 104 can be ensured to be the in-phase signal, and the
situation where the decoding unit 104 decodes the input sig-
nal S1 incorrectly can be avoided.

Next, the circuit structure of the detecting unit 102 is fur-
ther described referring to FIG. 2. FIG. 2 is a block diagram of
a decoding circuit according to a first embodiment of the
invention. Referring to FI1G. 2, the detecting unit 102 includes
a level detecting unit 202, an inverter 204 and a multiplexer
206. The multiplexer 206 has a first input terminal INO, a
second input terminal IN1 and a selecting terminal S, where
the first input terminal INO of the multiplexer 206 receives the
input signal S1. The level detecting unit 202 is coupled to the
selecting terminal S of the multiplexer 206 and the input
signal S1. The inverter 204 is coupled between the second
input terminal IN1 and the input signal S1. The detecting unit
102 is capable of detecting the voltage level of the input
signal. When the voltage level of the input signal S1 is
detected to be kept at the logic high level for more than the
preset time, the first input terminal IN0 of the multiplexer 206
is selected as the output, and the input signal S1 is directly
output to the decoding unit 104 to perform the decoding
process. When the voltage level of the input signal S1 is
detected to be kept at the logic low level for more than the
preset time, the second input terminal IN1 of the multiplexer
206 is selected as the output, and the inverted input signal S1
is output to the decoding unit 104 to perform the decoding
process.

Furthermore, the waveform of the input signal S1 is
described below referring to FIG. 3. FIG. 3 is a waveform
schematic diagram of an input signal according to a first
embodiment of the invention. In the waveform of the input
signal S1, the start of each data starts from a break 1, followed
by a mark 2 and a plurality of time slots SLOT,-SLOT,, and
there is a mark 10 (also referred to as a “MARK” Before
Break, abbreviated as MBB) right after the last time slot
SLOT,,, where nis apositive integer and 1 =n=512. The mark
10 is followed by the break 1 of the next data, and then further
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followed by the next data packet. Therefore, whether the input
signal S1 is the inverted DMX512 signal can be determined
by detecting the voltage level of the mark 10 located before
the break 1. When the level detecting unit 202 detects the
input signal to be kept at a specific logic level for more than
the time length of the break 1, this means that this specific
logic level should be the mark 10. If the input signal S1 is an
in-phase DMX 512 signal, the mark 10 should be a logic high
level. On the contrary, if the input signal S1 is an inverted
phase DMX 512 signal, the mark 10 should be a logic low
level. By doing so, the level detecting unit 202 may detect
whether the input signal S1 is an inverted phase DMX512
signal so as to select a channel of the multiplexer 206.

It is to be noted that, FIG. 3 is just an exemplary waveform
of the present embodiment but the invention is not limited
thereto. The invention can be applied to various DMX512
signal format, such as a 2 times frequency DMX512 signal
format or a four times frequency DMXS512 signal format.
Regarding the format of the DMX512, the description in the
DMX512 specification can be referred to, so they are not
described herein.

Moreover, the time length of the break may be different
according to the actual situation. As illustrated in FIG. 3, the
time length T, of the break 1 is normally between 88 ps and
176 us, and the configuration of the preset time is required to
be the maximum time length of the break during the actual
operation. For example, during the actual operation, the
maximum time length of the break is 176y, then the level
detecting unit 202 may determine the input signal S1 to be an
in-phase signal or the inverted signal when the keeping time
(i.e., the time length T, , of the mark 10) of the specific logic
level is over 176 pus. Then, the input signal S1 is adjusted to be
the in-phase signal to perform the decoding process.

The level detecting unit 202 is capable of determining
whether the input signal S1 is a in-phase signal or an inverted
phase signal, and the inverter 204 and the multiplexer 206 are
utilized to output the input signal S1 with in-phase, or to
invert the input signal S1 with inverted phase through the
inverter 204 and then to output the inverted input signal S1 to
the decoding unit 104 so that the input signal S1 received by
the decoding unit 104 can be ensured as the in-phase signal,
s0 as to avoid the situation where the decoding circuit 100 is
unable to decode the input signal S1 correctly.

Second Embodiment

FIG. 4 is a flowchart of a decoding method according to a
second embodiment of the invention. Referring to FI1G. 4, the
decoding method of the decoding circuit 100 can be summa-
rized as the following steps: firstly, an input signal is received
(step S402). Next, the input signal is detected whether being
kept at a specific logic level for more than a preset time (step
S404). Finally, if the input signal is kept at the specific logic
level for more than the preset time, according to the voltage
level of the specific logic level, the input signal or the inverted
input signal is output to the decoding unit 104 in the decoding
circuit 100 to perform the decoding process (step S406).
Accordingly, the decoding circuit 100 can be ensured to
decode the driving data correctly so as to produce the
expected display effects.

To be more specific, the aforementioned step S406 can be
represented by FIG. 5, and FIG. 5 is a flowchart of a decoding
method according to a second embodiment of the invention.
Referring to FIG. 5, the detected specific logic level is firstly
determined to be the logic high level or the logic low level
(step S510). When the specific logic level is the logic high
level, the input signal is directly output to the decoding unit to
perform the decoding process (step S520); when the specific
logic level is the logic low level, the inverted input signal is
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output to the decoding unit to perform the decoding process
(step S530). The operation details of the decoding method can
be referred to the descriptions of FIG. 1-FIG. 3, so they are not
described herein.

In summary, the invention utilizes the detecting unit to
detect the logic level of the input signal to be high or low, and
the keeping time of the logic level so as to determine whether
the input signal is the inverted signal, and then adjust the
received input signal to the in-phase signal format according
to the determination result. Accordingly, no matter the input
signal is the in-phase signal or the inverted signal, the decod-
ing circuit is able to receive the input signal of the in-phase,
and correctly decode the input signal, thereby drive the LED
to produce the expected illumination effects.

Although the invention has been disclosed above by the
exemplary embodiments, they are not intended to limit the
invention. Anybody skilled in the art can make some modifi-
cations and variations without departing from the spirit and
scope of the invention. Therefore, the protecting range of the
invention falls in the appended claims.

What is claimed is:

1. A decoding circuit, adapted for decoding an input signal,
wherein the input signal corresponds to a DMX512 signal
format, the input signal comprises at least a break, and the
length of the break is a preset time, the decoding circuit
comprising:

a decoding unit; and

a detecting unit, coupled to the decoding unit, configured
for detecting whether the input signal is kept at a specific
logic level for more than the preset time;

wherein, when the input signal is kept at the specific logic
level for more than the preset time, the detecting unit,
according to the voltage level of the specific logic level,
determines to output the input signal or the inverted
input signal to the decoding unit to perform a decoding
process.

2. The decoding circuit as claimed in claim 1, wherein,

when the specific logic level is at a logic high level, the
detecting unit outputs the received input signal to the
decoding unit; and

when the specific logic level is at a logic low level, the
detecting unit outputs the inverted input signal to the
decoding unit.

3. The decoding circuit as claimed in claim 1, wherein the

detecting unit comprising:

a multiplexer, having a first input terminal, a second input
terminal and a selecting terminal, wherein the first input
terminal received the input signal;

a inverter, coupled between the second input terminal and
the input signal, configured for inverting the input signal
and outputting the inverted input signal to the second
input terminal; and

alevel detecting unit, coupled to the selector terminal of the
multiplexer and the input signal, configured for detect-
ing whether the input signal is kept at the specific logic
level for more than the preset time, and controlling the
multiplexer according to the voltage level of the specific
logic level so as to make the multiplexer to output the
input signal or the inverted input signal.

4. The decoding circuit as claimed in claim 3, wherein,

when the specific logic level is at a logic high level, the
multiplexer outputs the received input signal to the
decoding unit; and

when the specific logic level is at a logic low level, the
multiplexer outputs the inverted input signal to the
decoding unit.
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5. The decoding circuit as claimed in claim 3, wherein the
decoding unit is a DMX512 decoder.

6. The decoding circuit as claimed in claim 1, wherein the
detecting unit detects whether a mark located before the break
is over the preset time.

7. A decoding method, adapted for a decoding circuit to
decode an input signal, wherein the input signal corresponds
to a DMX512 signal format, the input signal comprises at
least a break, and the length of the break is a preset time, the
decoding method comprising:

receiving the input signal; and

detecting whether the input signal is kept at a specific logic

level for more than the preset time;

wherein, when the input signal is kept at the specific logic

level for more than the preset time, outputting the input
signal or the inverted input signal to a decoding unit in
the decoding circuit to perform a decoding process
according to the voltage level of the specific logic level.

8

8. The decoding method as claimed in claim 7, wherein,

when the specific logic level is at a logic high level, the

received input signal is output to the decoding unit; and
when the specific logic level is at a logic low level, the
inverted input signal is output to the decoding unit.

9. The decoding method as claimed in claim 7, wherein the
decoding unit is a DMX512 decoder.

10. The decoding method as claimed in claim 7, wherein
the step of detecting whether the input signal is kept at the
specific logic level for more than the preset time further
comprises:

detecting whether a mark located before the break is over

the preset time.

11. The decoding method as claimed in claim 7, wherein
the decoding circuit is integrated in a LED driver chip.
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