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SYSTEM AND METHOD FOR DATA COMMUNICATIONS USING
AN ADAPTIVE PULSE WIDTH MODULATION PROTOCOL

TECENICAL FIELD OF THE INVENTION

[0001] The present 1nvention is directed, in general, to

data communications and in particular to i1mproved pulse

width modulation (PWM) communications.

BACKGROUND OF THE INVENTION

[0002] There are many different data transmission

protocols used for communications between both simple and

complex data processing devices. One common protocol, used

frequently in radio-frequency (RF) and optical or infrared

transmissions, is pulse width modulation (PWM), also called

pulse duration modulation.

[0003] While differing and specific PWM methods are

known to those of skill in the art, and therefore are not

repeated here, one common limitation of these methods are

that they redquire defined pulse widths to differentiate

between bits.

[0004] That is, PWM protocols differentiate between ones

ot
-

and zeros (using binary code as an example) by differing-

width pulses 1in a carrier, whether the carrier 1is wired,

RF, optical, or infrared. Generally, and for purposes of

example, an on-pulse 1is used to represent data, with the

i
—

-y

of f-state separating different bits. A pulse-duration

threshold is predefined, and any on-pulses that are longer

than the threshold (long pulses) are treated as a logical



10

15

20

29

30

CA 02515260 2005-08-04

WO 2004/082188 PCT/US2004/006654

“17”, and any on—-pulses that are shorter than the threshold

(short pulses) are treated as a logical “0”. Of course,

these designations can differ according to particular

implementations.
[0005] For example, 1f the duration threshold 1i1is 500
microseconds (us), then when a series of pulses are

received, all pulses with a duration greater than 500us are

e
p—

translated as a logical “17”, and any with a duration of

less than 500us will be treated as a Jlogical “0~. Fach

pulse must be separated by an off-state, to define the

F

pulses. In some implementations, the duration of the off-

'

state is also measured and also translated into data.

[0006] The common weakness of known PWM techniques 1s

that the duration threshold must be predefined for both the

r— —
—

transmitter and receiver. Tf different thresholds are used

pr—.

by each, then the data is corrupted or useless. If the

receliver’s threshold 18 smaller than the sender’s

threshold, then the sender’s short pulses may be read by

the receiver as long pulses. Conversely, if the receiver’s
threshold is greater than the sender’s threshold, then the
sender’s long pulses may be read by the receiver as short

pulses.

[0007] This weakness creates compatibility issues

—

"erent devices. For two devices to communicate

between di

using known PWM techniques, each must use the same

predefined duration threshold. Unfortunately, this

duration threshold is not standardized, so many different

devices use different duration threshold communications,

and therefore cannot communicate with each other. In an

environment with many different PWM-protocol devices, such
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as 1n an assembly plant where many sensors can transmit an

RFF PWM data string, each device may regquire a di:

receiver.

P

ferent

[0008] There 1s, therefore, a need in the art

for a

system and method to easily communicate with PWM-protocol

=

devices with di:

fering pulse duration thresholds.
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SUMMARY OF THE INVENTION

()

10009} To address the above-discussed deficiencies o:

i

the prior art, it 1is a primary object OrL the present

invention to provide improved data communications. It is

P
p—

another object of the present invention to provide improved

pulse width modulation (PWM) communications.

[0010] The preferred embodiment provides a system and
method for pulse-width-modulation (PWM) communications
using an adaptive pulse-duration threshold. In this

embodiment, a PWM device will analyze a data string from a

PWM transmission from a second device, and adaptively

"or That

determine an appropriate pulse-duration threshold

| JE

communication. After doing so, the PWM device can then

receive and transmit data as needed with the second device.

This adaptive PWM protocol can enable effective

gy
p—

communications wilith multiple devices with different

configurations.
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[0011] The foregoing has outlined rather broadly the

features and technical advantages of the present invention

so that those skilled in the art may better understand the

P

detailed description of the invention that Iollows.

additional features and advantages of the invention will be

described hereinafter that form the subject of the claims

of the invention. Those skilled in the art will appreciate

el

that they may readily use the conception and the specific

embodiment disclosed as a basis for modifying or designing

other structures for carrving out the same purposes of the

present invention. Those skilled in the art will also

realize that such eguivalent constructions do not depart

from the spirit and scope of the invention in its broadest

form.

L

D DESCRIPTION OF

[0012] Before undertaking the DETALL

THE TINVENTION below, it may be advantageous to set forth

prtw

definitions of certain words or phrases used throughout

this patent document: the terms “include” and “comprise,”

as well as derivatives thereof, mean i1nclusion without

limitation; the term “or” is inclusive, meaning and/or; the

phrases “associlated with” and “associated therewith,” as

well as derivatives thereof, may mean to include, Dbe
included within, interconnect with, contain, Dbe contained
within, <connect to or with, couple to oOr with, be
communicable with, cooperate with, interleave, juxtapose,
be proximate to, be bound to or with, have, have a property

—
—_—

of, or the 1like; and the term “controller” means any

device, system or part thereof that controls at least one

operation, whether such a device is implemented in

g——

hardware, firmware, software or some combination of at

lJeast two of the same. T+ should be noted that the
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functionality associated with any particular controller may
be centralized or distributed, whether locally or remotely.

Definitions for certain words and phrases are provided

e
—

throughout this patent document, and those of ordinary

ski1ill 1in the art will understand that such definitions

apply in many, if not most, instances to prior as well as

future uses of such defined words and phrases.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present

invention, and the advantages thereof, reference 1is now

made to the following descriptions taken 1n conjunction
with the accompanying drawings, wherein like numbers

designate like objects, and in which:

10014] FIGURE 1 depilcts an exemplary PWM data string in

accordance with a preferred embodiment of the present

invention;

[0015] FIGURE 2 deplicts a block diagram of an apparatus

in accordance with a preferred embodiment of the present

invention; and

[0016] FIGURE 3 depicts a flowchart of a process 1in

accordance with a preferred embodiment of the present

invention.
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DETAILED DESCRIPTION OF THE INVENTION

rooi7l] FIGURES 1 through 3, discussed below, and the

various embodiments used to describe the principles of the

e
—

present dinvention 1in this patent document are by way oL

illustration only and should not be construed i1in any way to

limit the scope of the invention. Those skilled in the art

will understand that the principles of the present

invention may be implemented in any sultably arranged

device. The numerous innovative teachings of the present
application will be described with particular reference tO

the presently preferred embodiment.

[0018] The preferred embodiment provides a system and
method for pulse—-width-modulation ( PWM) communications
using an adaptive pulse-duration threshold. In this

embodiment, a PWM device will analyze a data string from a

PWM transmission from a second device, and adaptively

determine an appropriate pulse-duration threshold for that

communication. After doing so, the PWM device can then

receive and transmit data as needed with the second device.

This adaptive PWM protocol can enable effective

communications with multiple devices wlth different

configurations.

[0019] Figure 1 shows a pulse waveform 100, with a

-~
v

series of on-pulses and off-states. Tt should be noted

that while this example is made in reference to a wired

direct-current waveform, this 1s merely an eXxXemplary

e

embodiment, and the those of skill in the art will

o

recognize that the on-pulses and off-states are commonly

implemented in RF and infrared/optical systems Dby using

intermittent transmission bursts, and can be so implemented
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according to the claimed invention. Similarly, the claimed

system and method can Dbe 1mplemented wherever PWM

communications are used.

[0020] In Figure 1, the on-pulses have respective

F

durations 2, B, C, and D, and are separated by off-states

having respective durations of X, ¥, and Z. This figure is

not drawn to scale for the examples used below.

[0021] The system of the preferred embodiment adaptively

configures itself by receiving a data string as shown 1n
Figure 1 from a target device. As the data pulses are
received, each on-pulse is treated as a separate data bit

and its duration is recorded. When the system has received

a specified number of bits, four in this example, it then

F-

averages the duration of the longest-duration on-pulse and

F

the shortest-duration on-pulse of those bits.

[0022] The calculated average 1s then used as the

duration threshold for designating a received on-pulse as a

logical 1 or logical O. The stored bits, and any further

bits, are translated using this duration threshold.

Further, the system may now compatibly translate using the

same duration threshold.

[0023] In this way, the preferred system adaptively
determines a duration threshold, and 1s thereafter able to
communicate with the target device. Accordingly, the
system  of the preferred embodiment can effectively

—

communicate with multiple devices using different PWM

configurations.

[0024] In the example of Figure 1, assume that the

designated durations are as follows:

-~ 0 -
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A = 301 microseconds (us)

B = 511 us
C = 503 us
D = 2906 us

X, ¥, Z = 200 us

[0025] These figures might be typical for a nominal

p—=

short-duration pulse of 300us, and a nominal long-duration

pulse of 500us, with reasonable error. When the system has

received these pulses, it will store the wvalues, then

average the longest duration B and the shortest duration D.

The average, 403.5us, 1s then used as the threshold wvalue

for the PWM translation. In this example, the four-bit

data string would then be translated as “0110.”

[0026] While this example uses 4 bits to determine the

duration threshold wvalue, the preferred embodiment uses 160

bits for this calculation. Of course, those of skill 1in

the art will realize that any number of bits can be used

for this calculation, as long as at least one long-pulse

—
pr—

and one short-pulse are received. For obvious reasons, 1t

only long pulses or only short pulses are received, any
calculated threshold wvalue will be erroneous. In typical
uses, 16 bits or more will ensure at least one long-pulse

and one short-pulse.

[0027] Figure 2 shows a block diagram of basic elements

of an apparatus according to the preferred embodiment.

Apparatus 200 includes a receiver 210, which may be an

optical or infrared light receiver, an RF receiver, a wilired

~10-
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input, or any other receiver capable of receiving a PWM

signal. Processor 220 can be any suitable processor, from

a complex data processor to a simple programmable logic

gate array, and is connected, directly or indirectly, to

recelve data from the receiver 210. Memory 240 1is

connected to be written to and read from by processor 220,

and will typically store at least some instructions for the

processor. Memory 240 can be any suitable volatile or non-

volatile memory.

[0028] Further, a transmitter 230 is optionally

connected to send PWM signals.

10029] Of course, multiple receivers or transmitters can
be 1ncluded to allow PWM communications of different
transmission types. Other optional elements i1include, but

are not limited to, a display devilise, a bus for connecting
with other processing systems, a printer, and a removable

medlia device.

[0030] Figure 3 depicts a flowchart of a process 1in

accordance with a preferred embodlment. First, the system

receives a multibit PWM data string (step 310) having at

least one short-pulse and one long-pulse. Preferably, the

data string has at least 16 bits, although more or less can

be used, and a continuous stream of bits can be received.

g—

[0031] The durations of the bits in the data string are

stored (step 320). The longest-duration bit and the

shortest—-duration bit are averaged to determine an average
duration (step 330). The average duration is stored as the

threshold~-duration wvalue (step 340). Using the threshold-

~17-



10

15

20

29

CA 02515260 2005-08-04

WO 2004/082188 PCT/US2004/006654

duration wvalue, the system interprets the stored bits and

any subsequent bits (step 350).

[0032] The system will continue communlicating, receiving

and optionally transmitting, using this configuration (step

360) .

[0033] The process 1s repeated when the system must

communicate with another device that has or could have a

different PWM configuration.

[0034] Those of skill in the art will recognize that not

all of the steps above must be performed 1in the order

recited.

[0035] Those skilled in the art will recognize that, for

gy
p—

simplicity and clarity, the full structure and operation of

all data processing systems suitable for wuse with the

present invention 1is not being depicted or described

P

herein. 1Instead, only so much of a data processing system

as is unique to the present invention or necessary for an

understanding of the present invention 1s depicted and

ﬁ

described. The remainder of the construction and operation

C- prite

of data processing system may conform to any of the wvarious

current implementations and practices known in the art.

[0036] Tt is important to note that while the present

-

invention has Dbeen described 1in the context of a fully

functional system, those skilled in the art will appreciate

that at least portions of the mechanism of the present

oty

invention are capable of being distributed in the form of a

instructions contalned within a machine usable medium in

—

any of a wvariety oo

forms, and that the present 1invention

)

i oy

applies equally regardless of the particular type o

—1 2 -
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instruction or signal bearing medium utilized to actually

P

carry out the distribution. Examples of machine usable

mediums include: nonvolatile, hard-coded type mediums such

as read only memories (ROMs) or erasable, electrically

=

programmable read only memories (EEPROMs), user-recordable

type mediums such as floppy disks, hard disk drives and

compact disk read only memories (CD-ROMs) or digital
versatile disks (DVDs), and transmission type mediums such

as digital and analog communilcation links.

[0037] Although an exemplary embodiment of the present

invention has been described in detail, those skilled in

the art will understand that various changes,

substitutions, variations, and improvements of the

invention disclosed herein may be made without departing

from the spirit and scope of the invention in its broadest

form.

pr—

[0038] None of the description in the present

application should be read as 1mplying that any particular

element, step, or function 1is an essential element which

must be 1ncluded in the claim scope: THE SCOPE OF PATENTED

L

SUBJECT MATTER IS D

L]

FINED ONLY BY THE ALLOWED CLAIMS.

Moreover, none of these claims are 1intended to 1nvoke

P

paragraph six of 35 USC §112 unless the exact words "means

for" are followed by a participle.

—~13-
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WHAT 1S CLAIMED 1IS:

1.

PCT/US2004/006654

A method for data communications, comprising:

P

recelving a series of da

one long-pulse and

storing the duration of

calculating the average

data pulse and the

pulse to determine

ta pulses having at least

at least one short-pulse;

each data pulse;

P

of the longest-duration

shortest—duration data

a threshold wvalue:;

interpreting pulses having a duration that is

longer than the threshold value as a first

data value; and

interpreting pulses having a duration that is

shorter than the threshold value as a second

data value.

The method of claim 1,

data pulses comprises

claim 1,

LA

The method o:

)

are bursts o:

1)

The method o

claim 1,

LD

wherein the series o

16 pulses.

wherein the data pulses

infrared light.

wherein the data pulses

are bursts of radio-frequency energy.

_14._.
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The method of claim 1, wherein the data pulses

are represented as changes in a direct-current

voltage.

The method of claim 1, further comprising

transmitting pulse-width-modulated data

according to the threshold value.

H

The method of claim 1, wherein each pulse

represents a data bit.
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An apparatus for data communications, comprising:

.

means for receiving a series of data pulses

having at least one long-pulse and at least

one short-pulse;

means for storing the duration of each data

pulse;

means for calculating the average of the longest-
duration data pulse and the shortest-
duration 'data pulse to determiné a threshold
value;

means for interpreting pulses having a duration

that is longer than the threshold value as a

first data value; and

means for interpreting pulses having a duration

that is shorter than the threshold wvalue as

a second data wvalue.

The apparatus of claim 8, wherein the series of

data pulses comprilses 16 pulses.
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The apparatus of claim 8, wherein the data

pulses are bursts of infrared light.

The apparatus of claim 8, wherein the data

pulses are bursts of radio-frequency energy.

The apparatus of claim 8, wherein the data

pulses are represented as changes 1n a direct-

current voltage.

The apparatus of claim 8, further comprising

means for transmitting pulse-width-modulated

data according to the threshold value.

The apparatus of claim 8, wherein each pulse

represents a data bit.
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15. A computer program product tangibly embodied in

a computer-readable medium, comprising:

instructions for receiving a series of data
pulses having at least one long-pulse and at

least one short-pulse;

instructions for storing the duration of each

data pulse;

instructions for calculating the average of the
longest—duration data pulse and the
shortest—-duration data pulse to determine a

threshold wvalue;

instructions for interpreting pulses having a
duration that is longer than the threshold

value as a first data wvalue; and

instructions for interpreting pulses having a
duration that i1s shorter than the threshold

value as a second data wvalue.
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claim 15,

wherein the series of data pulses comprises 16

pulses.

The computer program product of

wherein the data pulses are bursts of

light.

The computer program product of

wherein the data pulses are bursts of

frequency energy.

The computer program product o:

iy

claim 15,

infrared

r—~

claim 15,

radio-

- claim 15,

wherein the data pulses are represented as

changes in a direct-current voltage.

The computer program product o:

F claim 15,

further comprising transmitting pulse-width-

modulated data according to the threshold

value.

- 19 -



CA 02515260 2005-08-04
WO 2004/082188 PCT/US2004/006654

21. The computer program product of claim 15,

wherein each pulse represents a data bit.
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