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SYSTEM AND METHOD FOR SIMULTANEOUS DISPLAY OF
WAVEFORMS GENERATED FROM INPUT SIGNALS RECEIVED
AT A DATA ACQUISITION DEVICE
RELATED APPLICATIONS

This application claims priority to U.S. provisional patent application no. 61/374,845
filed on August 18, 2010. U.S. provisional patent application no. 61/374,845 is incorporated
herein by reference.

BACKGROUND

Vehicles, such as automobiles, light-duty trucks, and heavy-duty trucks, play an
important role in the lives of many people. To keep vehicles operational, some of those
people rely on vehicle technicians to diagnose and repair their vehicle.

Vehicle technicians use a variety of tools in order to diagnose and/or repair vehicles.
Those tools may include common hand tools, such as wrenches, hammers, pliers,
screwdrivers and socket sets, or more vehicle-specific tools, such as cylinder hones, piston
ring compressors, and vehicle brake tools. The tools used by vehicle technicians may also
include electronic tools such as a digital voltage-ohm meter (DVOM), a vehicle scan tool
that communicates with an electronic control unit (ECU) within a vehicle, and an
oscilloscope to display waveforms generated from electrical signals received at the
oscilloscope.

Vehicle technicians occasionally desire to compare waveforms generated from input
signals received from multiple vehicle components that perform similar function. For
instance, a vehicle with an 8 cylinder engine may have 8 fuel injectors. If a vehicle
technician suspects that one of the fuel injectors or electrical wiring associated with that fuel
injector is malfunctioning, the vehicle technician may desire to compare waveforms
generated from input signals received from the suspect fuel injector and its associated wiring
to waveforms generated from input signals received from a fuel injector and its associated
wiring believed to be operating properly. The vehicle technician would not want to spend a
lot of time setting up the oscilloscope in order to display the waveforms generated from
input signals received from both fuel injectors and/or the wiring associated with both fuel
injectors.

OVERVIEW

The detailed description that follows this overview describes multiple example

embodiments. Those example embodiments include embodiments in which an input channel

of a data acquisition (DAQ) device receives input signals that are subsequently displayed on
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a display as present-time waveforms, and while the input signals are displayed as present-
time waveforms, one or more of the input signals is tagged as a historical waveform to be
displayed on the display. The display can display, simultaneously, a present-time waveform
for an input channel of the DAQ device and a historical waveform for that same input
channel.

In one respect, an example embodiment may take the form of a method comprising (i)
receiving a first input signal at a first input channel of a DAQ device, (ii) after receiving the
first input signal at the first input channel, refreshing a display to visually present the first
input signal at the first input channel as a first present-time waveform for the first input
channel, (iii) receiving, while the first input signal at the first input channel is visually
presented as the first present-time waveform for the first input channel, a first user input at a
user interface and responsively tagging the first input signal at the first input channel as a
first historical waveform for the first input channel, and (iv) after receiving the first input
signal at the first input channel, receiving a second input signal at the first input channel and
responsively refreshing the display to visually present, simultaneously, the second input
signal at the first input channel as a second present-time waveform for the first input channel
and the first input signal at the first input channel as the first historical waveform for the first
input channel.

In another respect, an example embodiment may take the form of a system
comprising (i) a first input channel that receives input signals, wherein the input signals
received at the first input channel comprise a first input signal at the first input channel and a
second input signal at the first input channel, wherein the first input signal at the first input
channel is at the first input channel prior to the second input signal at the first input channel,
(i1) a display that is operable to visually present each input signal at the first input channel as
a respective present-time waveform for the first input channel, wherein, after receipt of the
first input signal at the first input channel, the display is refreshed to visually present the first
input signal at the first input channel as a first present-time waveform for the first input
channel, (iii) a processor, (iv) a user interface that is operable to receive user inputs, and (v)
a data storage device containing computer-readable program instructions that are executable
by the processor to tag input signals as historical waveforms. In response to the user
interface receiving a first user input while the first input signal at the first input channel is
visually presented as the first present-time waveform for the first input channel, the
processor executes the computer-readable program instructions to tag the first input signal at

the first input channel as a first historical waveform for the first input channel. After receipt
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of the second input signal at the first input channel, the display is refreshed to visually
present, simultaneously, the first input signal at the first input channel as the first historicél
waveform for the first input channel and the second input signal at the first input channel as
a second present-time waveform for the first input channel.

These as well as other aspects and advantages will become apparent to those of
ordinary skill in the art by reading the following detailed description, with reference where
appropriate to the accompanying drawings. Further, it should be understood that the
embodiments described in this overview and elsewhere are intended to be examples only and
do not necessarily limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments are described herein with reference to the drawings, in which:

FIG. 1 illustrates an example data acquisition (DAQ) device;

FIG. 2 is a block diagram of the DAQ device illustrated in FIG. 1;

FIG. 3 is a block diagram of a system including the DAQ device illustrated in FIG. 1;

FIG. 4 illustrates an example input signal processing element and an example device-
under service;

FIG. 5 illustrates example input signals received at input channels of a DAQ device;

FIG. 6 illustrates an example waveform visually presented on a display;

FIG. 7 illustrates example waveforms visually presented on a display;

FIG. 8 illustrates example waveforms visually presented on a display;

FIG. 9 illustrates example waveforms visually presented on a display;

FIG. 10 illustrates example waveforms visually presented on a display;

FIG. 11 illustrates example waveforms visually presented on a display;

FIG. 12 is a flow chart depicting a set of functions that may be carried out in
accordance with an example embodiment;

FIG. 13 is a flow chart depicting a set of functions that may be carried out in
accordance with an example embodiment; '

FIG. 14 illustrates an example display device; and

FIG. 15 is a block diagram of the example display device illustrated in FIG. 14.

DETAILED DESCRIPTION
L INTRODUCTION

This description describes, among other things, example embodiments that are

directed to a display that is operable to visually present, simultaneously, waveforms

generated from input signals received at the input channels of a data acquisition (DAQ)
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device. The input signals may comprise input signals received at different input channels or
at a common input channel of the DAQ device. The display may be an element of the DAQ
device. Alternatively, the display may be an element of a display device that is remote from
the DAQ device. In the alternative arrangement, the DAQ device may transmit data,
necessary to display the input signals as waveforms at the display device, to a wireless
network for transmission, in turn, to the display device.

The DAQ device may comprise one or more input channels. Each of the input

‘channels may include and/or connect to an input lead that obtains input signals from one or

more signal acquisition points. The input signals received at the input channel(s) of the
DAQ device may be visually presented as a waveform on a display. The most-recent input
signal received at each input channel of the DAQ device may be displayed as a present-time
waveform. Input signals received at each input channel prior to the most-recent input
signal(s) may be displayed as historical waveforms.
II. EXAMPLE ARCHITECTURE

FIG. 1 illustrates an example embodiment of a DAQ device 104. FIG. 2 is a block
diagram of DAQ device 104, and FIG. 2 illustrates that DAQ device 104 includes a user
interface 900, a wireless transceiver 902, a processor 904, an input element 906, and a data
storage device 908, all of which may be linked together via a system bus, network, or other
connection mechanism 910. FIG. 3 illustrates an example system 100 including DAQ
device 104 and further including a device-under-service 102, a vehicle scanner 106, a
display device 108, a wireless network 110, a network 116, an access node 122, and a
network node 124. The items illustrated in FIG 3 are described in U.S. Patent Application
No. 61/374,707, which is incorporated herein by reference, and which was filed on August
18, 2010, has attorney docket number 10-253, and is entitled “System and Method for
integrating devices for servicing a device-under service.” The items illustrated in FIG 3 are
also described in U.S. Patent Application No. 61/374,723, which is incorporated herein by
reference, and which was filed on August 18, 2010, has attorney docket number 10-254, and
is entitled “Method and apparatus to use remote and local control modes to acquire and
visually present data.”

FIG. 1 illustrates elements of user interface 900. Those elements include display
1000 and selector devices 1002, 1004, 1006, 1008, 1010, 1012, 1014, 1016, and 1018. For
purposes of this description, “selector devices 1004-1018” refers to selector devices 1004,

1006, 1008, 1010, 1012, 1014, 1016, and 1018. FIG. 1 also illustrates (i) ports 1020, 1022,
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and 1024, which are part of input element 906, and (ii) a grip 1026 that provides DAQ
device 104 with shock protection in the event that DAQ device 104 is dropped or struck.

The elements illustrated in FIG. 1 and the elements illustrated in the other figures
accompanying this description are provided merely as examples and are not intended to be
limiting. Many of the elements illustrated in the figures and/or described herein are
functional elements that may be implemented as discrete or distributed components or in
conjunction with other components, and in any suitable combination and location. Those
skilled in the art will appreciate that other arrangements and elements (for example,
machines, interfaces, functions, orders, and groupings of functions, etc.) can be used instead.
Furthermore, various functions described as being performed by one or more elements can
be carried out by a processor executing computer-readable program instructions and/or by
any combination of hardware, firmware, and software.

Display 1000 may cofnprise any of a variety of displays, such as a liquid crystal
display (LCD), a plasma display, or some other type of display. Display 1000 is operable to
visually present (e.g., display) data using numbers, letters, punctuation marks, pictures,
graphs, waveforms, or some other visually presentable form of data. As an example, display
1000 can display waveforms (e.g., present-time waveforms and historical waveforms)
generated from input signals received at input element 906. Generating waveforms
displayable at display 1000 may include converting the input signals from an input signal in
analog form to input data in a digital form.

Selector device 1002 may comprise a switch having multiple positions. As
illustrated in FIG. 1, selector device 1002 comprises a rotary switch having nine positions,
but selector device 1002 is not so limited. FEach position of selector device 1002 is
associated with an off mode or one or more data acquisition modes, and each position of
selector device 1002 is associated with one or more symbols to identify the mode(s)
associated with that position. Furthermore, each position of selector device 1002 may be
associated with a local-control state (e.g., a state in which the off mode or data acquisition
mode is selected by selector device 1002) or a remote-control state (e.g., a state in which a
data acquisition mode is selected by display device 108).

Table 1 provides an example list of modes associated with each position of selector
device 1002, and an example list of whether each position is associated with a local-control

state or a remote-control state.
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Position of selector | Mode Control Type Mode

device 1002 '
Position 1 Local-Control State Off mode
Position 2 Local-Control State Volts DC mode
Position 3 Local-Control State Volts AC mode
Position 4 Local-Control State Resistance mode
Position 5 Local-Control State Diode / Continuity mode
Position 6 Local-Control State Auxiliary mode
Position 7 Local-Control State Capacitance mode
Position 8 Local-Control State Oscilloscope mode
Position 9 Remote-Control State | DAQ mode selected via remote display device

Table 1

Position 1 is associated with the symbol “OFF.” The position numbers increase in a
clockwise direction. The three circles on selector device 1002 are closest to a currently-
selected position. In FIG. 1, position 2 is the currently-selected position.

Selector device 1002 may be turned to each of the nine positions. Turning selector
device 1002 from a first position (not necessarily position 1) to a second position (not
necessarily position 2) can cause DAQ device 104 to transition from a first DAQ mode that
is associated with the first position to a second DAQ mode that is associated with the second
position. Transitioning from the first DAQ mode to the second DAQ mode may be carried
out, at least in part, by processor 904 executing program instructions contained in data
storage device 908.

While selector device 1002 is positioned at a position corresponding to a remote-
control state (e.g., position 9), wireless transceiver 902 may receive a mode-selection
command transmitted from display device 108. The mode-selection command may be
received in response to wireless transceiver 902 transmitting to display device 108 a request
for a mode-selection command. The DAQ mode selected via display device 108 may
comprise a mode that is selectable via DAQ device 104 (e.g., the Oscilloscope mode, the
Volts DC mode, or the Resistance Mode).

Selector devices 1004-1018 may each comprise a respective push button, but selector
devices 1004-1018 are not so limited. Each selector device of selector devices 1004-1018
may be pushed or pushed and released to enter a user input that triggers a function associated
with that selector device to be initiated and/or carried out. Hereinafter in this description,
pushing a selector device refers to pushing a selector device or pushing and releasing a
selector device.

The function associated with each selector device of selector devices 1004-1018 may

be dependent upon the position of selector device 1002. As an example, when selector
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device 1002 is in position 8§ and DAQ device 104 is operating in the oscilloscope mode,
selector device 1004 may be pushed to enter a user input that causes an input signal at an
input channel to be tagged as a historical waveform to be displayed for that input channel,
and selector device 1006 may pushed to enter a user input that causes an input signal at
another input channel to be tagged as a historical waveform to be displayed for that other
input channel. When selector device 1002 is in positions other than position 8, pushing
selector device 1004 and 1006 may trigger other functions to be carried out.

Ports 1020, 1022, and 1024 may be arranged to receive a respective input lead of
input element 906. Each input lead can include first and second ends. The first end of an
input lead may comprise a banana plug. Ports 1020, 1022, and 1024 may each include a
banana plug receptacle for receiving a banana plug of an input lead. The second end of each
input lead may include an alligator clip, a quick-attach probe, or some other device for
contacting the input lead to an input signal acquisition point.

Turning to FIG. 2, the block diagram of DAQ device 104 illustrates details of input
element 906 and data storage device 908. In particular, FIG. 2 illustrates that input element
906 includes input leads 912, input signal processing element 914, and packet element 916,
and data storage device 908 includes computer-readable program instructions (CRPI) 918,
remote device data 920, input data 922, and instruction data 924.

Input leads 912 may include one or more input leads. Each of the input leads is
operable to receive input signals from an input signal acquisition point. The input signal
acquisition point may comprise any of a variety of locations at which an input signal can be
acquired. In accordance with an example embodiment in which device-under-service 102
comprises an automobile, the input signal acquisition point may comprise a location on the
automobile at which a voltage signal, current signal, air pressure signal, air temperature
signal, oil pressure signal, oil temperature signal, or some other input signal can be acquired.

Each input lead of input leads 912 may include a first end and a second end. The
first end of each input lead may be inserted into or otherwise attached to DAQ device 104,
and the first end may comprise a banana plug. The second end of each input lead may be
arranged in any of a variety of configurations. As an example, the second end of each input
lead may be configured as (i) an alligator clip, such as an MTAS8S alligator clip sold by
Snap-on Incorporated, Kenosha, Wisconsin, United States, (ii) a spring hook, such as an
MTAZB0 spring hook sold by Snap-on Incorporated, (iii) a test probe, such as an MTA20 test
probe sold by Snap-on Incorporated, or (iv) a backprobe, such as an MTTL7005 backprobe
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sold by Snap-on Incorporated. Other example configurations of the second end of an input
lead are also possible.

Input signal processing element 914 is operable to convert an input signal received
via input leads 912 into input data that is displayable at display 1000 (e.g., data displayable
as a waveform). Additional details regarding input signal processing element 914 are
illustrated in FIG. 5.

Packet-element 916 is operable to packetize the input data (e.g., place the input data
into data packets) so as to generate data packets containing the input data. Packet-element
916 may provide the data packets to wireless transceiver 902 via connection mechanism 910
for subsequent transmission of the data packets via an air interface. In an alternative
embodiment, processor 904 or some other portion of DAQ device 104 can comprise packet-
element 916 or carry out the functions of packet-element 916. The data packets transmitted
by wireless transceiver 902 may include input data for displaying present-time waveforms
and historical waveforms on display device 108.

User interface 900 is operable to present data to a user and to enter user inputs (e.g.,
selection of a particular position of selector device 1002, and pushing a selector device of
selector devices 1004-1018). User interface 900 may include display 1000 to visually
present data, such as data obtained and/or generated by input element 906, data obtained via
wireless transceiver 902, and/or data contained in data storage device 908. User interface
900 may include selector devices 1002 and selector devices 1004-1018.

Wireless transceiver 902 may comprise a single wireless transceiver that is operable
to carry out communications via wireless network 110. Wireless transceiver 902 may carry
out communications with vehicle scanner 106, display device 108, and/or some other device
that is operating to communicate via wireless network 110. As an example, wireless
transceiver 902 may comprise a transceiver that is operable to carry out communications via
a Bluetooth network. For purposes of this description, a transceiver that is operable to carry
out communications via a Bluetooth network is referred to as a Bluetooth transceiver. As
another example, wireless transceiver 902 may comprise a transceiver that is operable to
carry out communications via a Wi-Fi network. For purposes of this description, a
transceiver that is operable to carry out communications via a Wi-Fi network is referred to as
a Wi-Fi transceiver.

Each wireless transceiver of the example embodiments may operate in a transceiver-
on-state. In the transceiver-on-state, the transceiver is powered on. While operating in the

transceiver-on-state, the transceiver can transmit and receive data via an air interface of
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wireless network 110. For some transceivers, while operating in the transceiver-on-state, the
transceiver can transmit and receive data via the air interface simultaneously. For other
transceivers, at any given time while operating in the transceiver-on-state, the transceiver can
either transmit data or receive data via the air interface. Each wireless transceiver of the
example embodiments may operate in a transceiver-off-state. While operating in the
transceiver-off-state, the transceiver does not transmit or receive data via an air interface.
While operating in the transceiver-off-state, the transceiver can be powered off.

Processor 904 may comprise one or more general purpose processors (e.g., INTEL
microprocessors) and/or one or more special purpose processors (e.g., digital signal
processors). Processor 904 may execute computer-readable program instructions (CRPI)
918 that are contained in computer-readable data storage device 908.

Data stbrage device 908 may comprise a computer-readable storage medium readable
by processor 904. The computer-readable storage medium may comprise volatile and/or
non-volatile storage components, such as optical, magnetic, organic or other memory or disc
storage, which can be integrated in whole or in part with processor 904.

CRPI 918 may comprise various program instructions executable by processor 904.
As an example, CRPI 918 may comprise program instructions that are executable to cause
data storage device 908 to store data for generating a waveform. The data for generating a
waveform may comprise digital data that is generated by input signal processing element
914 in response to an analog input signal received from one of the input leads 912.

As another example, CRPI 918 may comprise program instruction (referred to herein
as PI-918-E) that are executable to tag input signals as input signals to be displayed as
historical waveforms. Processor 904 may execute PI-918-E in response to a selector device
of selector device 1004-1018 being pushed while a present-time waveform is being
displayed on display 1000. Each input channel of DAQ device 104 may be associated with a
particular selector device that can be pushed to cause a present-time waveform for that input
channel to be tagged as a historical waveform for that input channel.

As another example, CRPI 918 may comprise program instructions (referred to
herein as PI-918-F) that are executable to refresh display 1000 and/or to determine which
waveform(s) should be displayed on display 1000 each time it is refreshed. As an example,
execution of PI-918-F may cause processor 904 to determine that a particular input signal for
a first input channel of DAQ device 104 is to be displayed as a historical waveform and to
cause display 1000 to display the particular input signal as a historical waveform when the

display is refreshed. Causing display 1000 to display a particular input signal may include
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retrieving from data storage device 908 data tagged as a historical waveform for a particular
input channel. Execution of PI-918-F to refresh display 1000 may include causing display
1000 to simultaneously display a present-time waveform and a historical waveform for the
first input channel. Moreover, PI-918-F may be executed to refresh display 1000 to
simultaneously display historical and present-time waveforms for multiple input channel of
DAQ device 104.

Remote device data 920 may include data associated with a device that is arranged to
communicate with DAQ device 104 via wireless network 110. For example, remote device
data 920 may include data associated with display device 108, such as a radio identifier and
password associated with display device 108. The data associated with display device 108
may be received at DAQ device 104, for storing as remote device data 920, during a pairing
process carried out between display device 108 and DAQ device 104. The pairing process
between DAQ device 104 and display device 108 may include DAQ device 104 providing
display device 108 with the data associated with DAQ device 104 and display device 108
providing DAQ device 104 with data associated with display device 108. After carrying out
that paring process with display device 108, DAQ device 104 may use the remote device
data 920 when establishing wireless network 110 with display device 108.

Input data 922 may comprise data generated by input signal processing element 914.
As an example, input data 922 may comprise digital data generated from an analog input
signal received at an input channel of DAQ device 104 and provided to input signal
processing element 914. Data storage device 908 may include tags (e.g., pointers) that
identify which data of input data 922 is tagged for displaying historical waveforms for the
input channels of DAQ device 104. Input data 922 may also comprise data generated from
input signal processing element 914 for displaying as a present-time waveform for the input
channels of DAQ device 104.

Instruction data 924 may comprise data that identifies how to connect a portion of the
DAQ device 104 to device-under-service 102, how to operate device-under-service 102,
inspections to carry out on device-under-service 102, or some other instruction data.
Instruction data 924 may comprise various data including numbers, letters, punctuation
marks, pictures, graphs, waveforms, or some other visually presentable form of data.

Returning to FIG. 3, FIG. 3 illustrates system 100 including DAQ device 104,
device-under-service 102, vehicle scanner 106, display device 108, wireless network 110,
network 116, access node 122, and network node 124. Display device 108 may be referred

to as a controller device since display device 108 may operate as a master of DAQ device
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104 and/or vehicle scanner 106 when those devices are operating as a slave device or slave
scanner, respectively.

DAQ device 104 may connect to device-under-service 102 via wired link 112,
whereas vehicle scanner 106 may connect to device-under-service 102 via wired link 114.
Wired link 112 may comprise input leads 912. Wired link 114 may be arranged as a cable
assembly described in U.S. Patent Application No. 61/374,805, which is incorporated herein
by reference, and which was filed on August 18, 2010, has attorney docket number 10-251,
and is entitled “Cable assembly for protection against undesired signals,” or wired link 114
may be arranged as some other wired link. DAQ device 104 may comprise a digital volt
meter (DVM), a digital volt ohm meter (DVOM), an oscilloscope, or some other type of
measurement device that operates to acquire data from device-under-service 102. Vehicle
scanner 106 may comprise a device that operates to request and/or monitor data from an
electronic control unit (ECU) of device-under-service 102.

Device-under-service 102 may comprise a vehicle, such as an automobile, a
motorcycle, a semi-tractor, light-duty trucks, medium-duty trucks, heavy-duty trucks, farm
machinery, or some other vehicle. System 100 is operable to carry out a variety of functions,
including functions for servicing device-under-service 102. The example embodiments of
this description may include or be utilized with any appropriate voltage or current source,
such as a battery, an alternator, a fuel cell, and the like, providing any appropriate current
and/or voltage, such as about 12 volts, about 42 volts, and the like. The example
embodiments may be used with any desired system or engine. Those systems or engines
may comprise items utilizing fossil fuels, such as gasoline, natural gas, propane, and the like,
electricity, such as that generated by battery, magneto, fuel cell, solar cell and the like, wind
and hybrids or combinations thereof. Those systems or engines may be incorporated into
other systems, such as an automobile, a truck, a boat or ship, a motorcycle, a generator, an
airplane and the like.

Vehicle scanner 106 and display device 108 may connect to network 116 via lwired
links 118 and 120, respectively. Network 116 may include and/or connect to the Internet,
and network 116 may include and/or connect to one or more network nodes, such as an
access node 122 and a network node 124. Access node 122 may provide any of DAQ device
104, vehicle scanner 106, and display device 108 with wireless connectivity to network 116.
Network node 124 may comprise a desktop personal computer (PC), a workstation that
executes a Unix-based or Linux-based operating system, or some other node that interfaces

and/or connects to network 116. In accordance with an example embodiment in which
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device-under-service 102 comprises an automobile, network node 124 may comprise a
desktop PC or workstation operating at an automobile repair facility. In that regard, network
node 124 may operate as a server that provides data (e.g., automobile repair data and/or
instruction data) to display device 108.

DAQ device 104, vehicle scanner 106, and display device 108 are operable to carry
out communications with each other via wireless network 110. Wireless network 110 may
comprise one or more wireless networks. Each of the one or more wireless networks may be
arranged to carry out communications according to a respective air interface protocol. Each
air interface protocol may be arranged according to an industry standard, such as an Institute
of Electrical and Electronics Engineers (IEEE) 802 standard. The IEEE 802 standard may
comprise an IEEE 802.11 standard for Wireless Local Area Networks (e.g., IEEE 802.11 a, b,
g, or n), an IEEE 802.15 standard for Wireless Personal Area Networks, an IEEE 802.15.1
standard for Wireless Personal Area Networks — Task Group 1, an IEEE 802.16 standard for
Broadband Wireless Metropolitan Area Networks, or some other IEEE 802 standard. For
purposes of this description, a wireless network arranged to carry out communications
according to the IEEE 802.11 standard is referred to as a Wi-Fi network, and a wireless
network arranged to carry out communications according to the IEEE 802.15.1 is referred to
as a Bluetooth network.

In an alternative embodiment, device-under-service 102 may comprise a device other
than a vehicle, such as a refrigeration unit, a personal computer, or some other serviceable
device. Additionally or alternatively, the device-under-service may comprise a system such
as a heating, ventilation, and air conditioning (HVAC) system, a security system, a computer
system (e.g., a network), or some other serviceable system.

Next, FIG. 4 illustrates example input leads of input leads 912, details of input signal
processing element 914, and details of device-under-service 102. The example input leads
include input lead 912A and 912B. FIG. 4 illustrates that input signal processing element
914 includes input channels 400 and 402 and analog-to-digital converters 404 and 406.
Input channel 400 may be associated with port 1022 and input channel 402 may be
associated with port 1024. Input channels may be operational when selector device 1002 is
in position 8 such that DAQ device 104 operates in the oscilloscope mode. In an alternative
embodiment, input signal processing element 914 may include only one input channel or
more than two input channels.

In accordance with an example embodiment in which device-under-service 102

comprises an automobile, device-under-service 102 may be arranged as illustrated in FIG. 4.
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In such an embodiment, device-under-service 102 may include fuel injectors 408, 410, 412,
and 414, a powertrain electronic control unit (ECU) 416, fuel injector leads 418, 420, 422,
424, and signal acquisition points 426, 428, 430, 432, 434, 436, 438, and 440.

When device-under-service 102 is operating normally, waveforms generated from
input signals obtained at signal acquisition points 426, 428, 430, 432, 434, 436, 438, and 440
may be substantially similar. However, when device-under-service 102 is operating with a
malfunctioning fuel' injector (e.g., fuel injector 408) and three fuel injectors operating
normally (e.g., fuel injectors 410, 412, and 414), waveforms generated from input signals
obtained at signal acquisition points 426 and 434 may be substantially different from
waveforms generated from input signals obtained at signal acquisition points 428, 430, 432,
436, 438, and 440. A technician working on device-under-service may be able to determine
that fuel injector 408 is malfunctioning by comparing waveforms generated from input
signals obtained at signal acquisition points 428, 430, 432, 436, 438, and 440 to waveforms
generated from input signals obtained at signal acquisition points 426 and 434.

Next, FIG. 5 illustrates example input signals received at input channels 400 and 402.
In particular, FIG. 5 illustrates inputs signals 500, 502, 504, 506, and 508 that are received at
input channel 400, and input signals 510, 512, 514, 516, and 518 that are received at input
channel 402. Each input signal shown in FIG. 5 is received during a given period of time
represented by the time periods T1, T2, T3, T4, and T5. For FIG. 5, time passes from left to
right, such that time period TI occurs before time period T2, time period T2 occurs before
time period T3, and so on.

The input signals obtained at input channels 400 and 402 may be obtained from a
common signal acquisition point or from different signal acquisition points. For example,
input signals 500 and 502 may be obtained from signal acquisition point 426, input signals
506 and 508 may be obtained from signal acquisition point 428, and input signal 504 may be
obtained while input lead 912A is disconnected from signal acquisition point 426 and then
moved to signal acquisition point 428. When an input lead connected to an input channel is
not connected to a signal acquisition point, a waveform for the input channel can be a
horizontal line to represent that the input lead is not connected to a signal acquisition point.
As another example, input signals 510, 512, 514, 516, and 518 may be obtained from signal
acquisition point 930 via input lead 912B.

Next, FIG. 6 through FIG. 11 illustrate an example waveform or waveforms being
visually presented (i.e., displayed) on display 1000. Each waveform illustrated in FIG. 6
through FIG. 11 is identified by a 3-digit reference number followed by the letter P if the
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waveform is being displayed as a present-time waveform or the letter H if the waveform is
being displayed as a historical waveform. The waveforms in FIG. 6 through FIG. 11 are
generated from the input signal illustrated in FIG. 5 having the same 3-digit reference
number. Other displays, such as the display 300 illustrated in FIG. 14, may display
waveforms in the same way as display 1000.

FIG. 6, in particular, illustrates a present-time waveform 500P being displayed on
display 1000. Waveform 500P is generated from input signal 500. Generating waveform
500P may include providing input signal 500 to ADC 400 so as to generate digital data
representing input signal 500 and providing that digital data to display 1000 for displaying
input signal 500 as waveform 500P. The digital data representing input signal 500 may be
stored as input data 922. That digital data may be tagged for displaying input signal 500 as a
historical waveform 500H.

Next, FIG. 7 illustrates a historical waveform 500H and a present-time waveform
502P being displayed on display 1000. Generating waveform 502P may include providing
input signal 502 to ADC 400 so as to generate digital data representing input signal 502 and
providing that digital data to display 1000 for displaying input signal 502 as waveform 502P.
The digital data representing input signal 502 may be stored as input déta 922. That digital
data may be tagged for displaying input signal 502 as a historical waveform. Generating
waveform 500H may include providing the digital data representing input signal 500 to
display 1000 for displaying input signal 500 as waveform S00H. Generating Waveform
500H may also include changing a characteristic (e.g., a color or line type) associated with
the digital data representing input signal 500. Changing the characteristic allows present-
time waveforms to be distinguished form historical waveforms.

Next, FIG. 8 illustrates a historical waveform 500H and a present-time waveform
504P being displayed on display 1000. Generating waveform 504P may include providing
input signal 504 to ADC 400 so as to generate digital data representing input signal 504 and
providing that digital data to display 1000 for displaying input signal 504 as waveform 504P.
The digital data representing input signal 504 may be stored as input data 922. That digital
data may be tagged for displaying input signal 504 as a historical waveform. Generating
waveform 500H may include providing the digital data representing input signal 500 to
display 1000 for displaying input signal 500 as waveform 500H.

Next, FIG. 9 illustrates a historical waveform 500H and a present-time waveform
506P being displayed on display 1000. Generating waveform 506P may include providing
input signal 506 to ADC 400 so as to generate digital data representing input signal 506 and
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providing that digital data to display 1000 for displaying input signal 506 as waveform 506P.
The digital data representing input signal 506 may be stored as input data 922. That digital
data may be tagged for displaying input signal 506 as a historical waveform. Generating
waveform S00H may include providing the digital data representing input signal 500 to
display 1000 for displaying input signal 500 as waveform SO0H.

Next, FIG. 10 illustrates a present-time waveform 500P and a present-time waveform
510P being displayed on display 1000. Generating waveform 500P may include providing
input signal 500 to ADC 400 so as to generate digital data representing input signal 500 and
providing that digital data to display 1000 for displaying input signal 500 as waveform 500P.
Generating Wavefonﬁ 510P may include providing input signal 510 to ADC 402 so as to
generate digital data representing input signal 510 and providing that digital data to display
1000 for displaying input signal 510 as waveform 510P. The digital data representing input
signal 510 may be stored as input data 922. That digital data may be tagged for displaying
input signal 510 as a historical waveform 510H.

Next, FIG. 11 illustrates present-time waveforms 502P and 512P being displayed
simultaneously with historical waveforms 500H and 510H. Generating waveform 502P may
include providing input signal 502 to ADC 400 so as to generate digital data representing
input signal 502 and providing that digital data to display 1000 for displaying input signal
502 as waveform 502P. Generating waveform 512P may include providing input signal 512
to ADC 402 so as to generate digital data representing input signal 512 and providing that
digital data to display 1000 for displaying input signal 512 as waveform 512P. Generating
waveform 510H may include providing the digital data representing input signal 510 to
display 1000 for displaying input signal 510 as waveform 510H. Generating waveform
510H may also include changing a characteristic (e.g., a color or line type) associated with
the digital data representing input signal 510.

The waveforms displayed on a display of the example embodiments may have
different display characteristics to distinguish each waveform from each other. The
characteristics may include color, intensity, line completion (e.g., solid line versus dashed
line), or some other characteristic.

Each waveform displayed on the display may be a different color. For example, in
FIG. 11, present-time waveforms 502P and 512P may be displayed using red and blue lines,
respectively, and historical waveforms 500H and 510H may be displayed using green and
yellow lines, respectively. The display may visually present a legend that identifies red lines

as present-time waveforms for input channel 400, green lines as historical waveforms for
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input channel 400, blue lines as present-time waveforms for input channel 402, and yellow
lines as historical waveforms for input channel 402.

Additionally or alternatively, each waveform displayed on the display may be
displayed using solid lines or dashed lines. For example, in FIG. 10, present-time
waveforms 500P and 510P are each displayed using solid lines. As another example, in FIG.
11, present-time waveforms 502P and 512P are displayed using solid lines whereas historical
waveforms 500H and 510H are displayed using dashed lines. The display may visually
present a legend that identifies solid lines as present-time waveforms and dashed lines as
historical waveforms. .

Furthermore, the waveforms generated from input signals at common input channel
may be displayed using a common color. For example, in FIG. 11, present-time waveform
502P may be displayed using solid red lines and historical waveform 500H may be displayed
using dashed red lines, and present-time waveform 512P may be displayed using solid blue
lines and historical waveform 510H may be displayed using dashed blue lines. Other
examples of distinguishing present-time waveforms from historical waveforms and other
examples of distinguishing waveforms for different input channels are also possible.

III. EXAMPLE OPERATION

FIG. 12 depicts a flow chart that illustrates a set of functions 1200 that are listed in
blocks 1202, 1204, 1206, and 1208. The set of functions 1200 may be carried out in
accordance with an example embodiment.

Block 1202 includes receiving a first input signal at input channel 400 of DAQ
device 104. Input channel 400 may receive the first input signal from device-under-service
102 via an input lead of input leads 912. In accordance with an example embodiment, the
first input signal at input channel 400 may comprise an electrical signal acquired from a
signal acquisition point on device-under-service 102, the electrical signal being definable, at
least in part, by voltage and/or amperage values.

Next, block 1204 includes, after receiving the first input signal at input channel 400,
refreshing a display to visually present the first input signal at input channel 400 as a first
present-time waveform for input channel 400. As an example, refreshing the display may
include refreshing display 1000 of DAQ device 104. Refreshing display 1000, at block 1204,
may include display 1000 replacing each and every waveform currently being displayed on
display 1000 (e.g., a present-time waveform) with a new present-time waveform. For block
1204, the new present-time waveform is the first present-time waveform for input channel

400. Once a present-time waveform is replaced with a new present-time waveform, the
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previously displayed waveform is no longer a present-time waveform. Furthermore, an input
signal used to generate a present-time waveform may subsequently be used to generate a
historical waveform for visually presenting at a display.

Additionally or alternatively, refreshing the display at block 1204 may include
refreshing display 300 of display device 108. Refreshing display 300, at block 1204, may
include display 300 replacing each and every waveform currently being displayed on display
300 (e.g., a present-time waveform) with a new present-time waveform. As stated above, for
block 1204, the new present-time waveform is the first present-time waveform for input
channel 400.

Next, block 1206 includes receiving, while the first input signal at input channel 400
is visually presented as the first present time waveform for input channel 400, a first user
input at a user interface and responsively tagging the first input signal at input channel 400
as a first historical waveform for input channel 400.

In accordance with an example embodiment in which display 1000 is refreshed to
visually present the first input signal at input channel 400 as the first present-time waveform
for input channel 400, the user interface that receives the first user input may comprise user
interface 900, and receiving the first user input may occur in response to one of selector
devices 1004-1018 (e.g., selector device 1004) being pushed and processor 904 detecting
that the selector device was pushed.

In accordance with an example embodiment in which display 300 is refreshed to
visually present the first input signal at input channel 400 as the first present-time waveform
for input channel 400, the user interface may comprise user interface 200, and receiving the
first user input may occur in response to a control of user controls 306 (shown in FIG. 14)
being pushed and a processor 204 (shown in FIG. 15) detecting that the control being pushed.

Next, block 1208 includes, after receiving the first input signal at input channel 400,
receiving a second input signal at input channel 400 and responsively refreshing the display
to visually present, simultaneously, the second input signal at input channel 400 as a second
present-time waveform for input channel 400 and the first input signal at input channel 400
as the first historical waveform for input channel 400.

As an example, refreshing the display at block 1208 may include refreshing display
1000 of DAQ device 104. Refreshing display 1000, at block 1208, may include display
1000 replacing each and every waveform currently being displayed on display 1000 with a

new present-time waveform and a historical waveform. For block 1208, the new present-
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time waveform may comprise the second present-time waveform for input channel 400 and
the historical waveform may comprise the first historical waveform for input channel 400.

Additionally or alternatively, refreshing the display at block 1208 may include
refreshing display 300 of display device 108. Refreshing display 300, at block 1208, may
include display 300 replacing each and every waveform currently being displayed on display
300 with a new present-time waveform and a historical waveform. As stated above, for
block 1208, the new present-time waveform may comprise the second present-time
waveform for input channel 400 and the historical waveform may comprise the first
historical waveform for input channel 400.

A display that visually presents historical waveforms may be refreshed so that the
display is not displaying any historical waveforms. As an example, while display 1000 is
displaying historical waveform 500H, a user input may be received at user interface 900 and
the next time display 1000 is refreshed, display 1000 may be refreshed so that display 1000
does not visually present historical waveform 500H. In accordance with that example, the
user input may be received in response to a user pushing a selector device on DAQ device
104 (e.g., selector device 1008). Refreshing display 1000 so that historical waveform 500H
is not displayed may include refreshing the display to display one or more new present-time
waveforms.

Next, FIG. 13 depicts a flow chart that illustrates a set of functions 1210 that are
listed in blocks 1212, 1214, 1216, and 1218. The set of functions 1210 may be carried out in
accordance with an example embodiment. The set of functions 1210 may be carried out
after the set of functions 1200 are performed.

Block 1212 includes repeatedly receiving additional input signals at input channel
400, wherein receiving the additional input signals comprises receiving a third input signal at
input channel 400. Receiving the additional input signals may occur after receiving the
second input signal at input channel 400 in block 1208.

Next, block 1214 includes, in response to receiving the third input signal at input
channel 400, refreshing the display to visually present, simultaneously, the first input signal
at input channel 400 as the first historical waveform for input channel 400 and the third input
signal at input channel 400 as a third present-time waveform for input channel 400.

As an example, refreshing the display at block 1214 may include refreshing display
1000 of DAQ device 104. Refreshing display 1000, at block 1214, may include display
1000 replacing each and every waveform currently being displayed on display 1000 with a

new present-time waveform and a historical waveform. For block 1208, the new present-
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time waveform may comprise the third present-time waveform for input channel 400 and the
historical waveform may comprise the first historical waveform for input channel 400.

Additionally or alternatively, refreshing the display at block 1214 may include
refreshing display 300 of display device 108. Refreshing display 300, at block 1214, may
include display 300 replacing each and every waveform currently being displayed on display
300 with a new present-time waveform and a historical waveform. As stated above, for
block 1214, the new present-time waveform may comprise the third present-time waveform
for input channel 400 and the historical waveform may comprise the first historical
waveform for input channel 400.

Next, block 1216 includes receiving, while the display visually presents,
simultaneously, the first input signal at input channel 400 as the first historical waveform for
input channel 400 and third input signal at input channel 400 as the third present-time
waveform for input channel 400, a second user input at the user interface and responsively
tagging the third input signal at input channel 400 as a second historical waveform for input
channel 400.

In accordance with an example embodiment in which display 1000 is refreshed to
visually present the third input signal at input channel 400 as the third present-time
waveform for input channel 400, the user interface that receives the second user input may
comprise user interface 900, and receiving the second user input may occur in response to
one of selector devices 1004-1018 (e.g., selector device 1004) being pushed and processor
904 detecting that the selector device was pushed.

In accordance with an example embodiment in which display 300 is refreshed to
visually present the third input signal at input channel 400 as the third present-time
waveform for input channel 400, the user interface may comprise user interface 200, and
receiving the second user input may occur in response to a control of user controls 306
(shown in FIG. 14) being pushed and a processor 204 (shown in FIG. 15) detecting that the
control being pushed.

Next, block 1218 includes, after receiving a fourth input signal at input channel 400,
refreshing the display to visually present, simultaneously, the third input signal at input
channel] 400 as the second historical waveform for input channel 400 and the fourth input
signal at input channel 400 as a fourth present-time waveform for input channel 400.

As an example, refreshing the display at block 1218 may include refreshing display
1000 of DAQ device 104. Refreshing display 1000, at block 1218, may include display
1000 replacing each and every waveform currently being displayed on display 1000 with a
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new present-time waveform and a historical waveform. For block 1218, the new present-
time waveform may comprise the fourth present-time waveform for input channel 400 and
the historical waveform may comprise the second historical waveform for input channel 400.

Additionally or alternatively, refreshing the display at blpck 1218 may include
refreshing display 300 of display device 108. Refreshing display 300, at block 1218, may
include display 300 replacing each and every waveform currently being displayed on display
300 with a new present-time waveform and a historical waveform. As stated above, for
block 1218, the new present-time waveform may comprise the fourth present-time waveform
for input channel 400 and the historical waveform may comprise the second historical
waveform for input channel 400.

Returning to FIG. 4, DAQ device 104 may include multiple input channels. Input
channel 402 may receive input signals that are visually presentable on a display as present-
time waveforms for input channel 402 and historical waveforms for input channel 402. The
following functions pertain to receiving input signals at input channel 402. Receiving the
input signals at input channel 402 can comprise receiving a first input signal at input channel
402 and thereafter receiving a second input signal at input channel 402.

After receiving the first input signal at input channel 402, the display can be
refreshed to visually present the first input signal at input channel 402 as a first present-time
waveform for input channel 402.

While the first input signal at input channel 402 is visually presented as the first
present-time waveform for input channel 402, a second user input can be received at the user
interface and the first input signal at input channel 402 can be tagged as a first historical
waveform for input channel 402.

After receiving the second input signal at input channel 402, the display can be
refreshed to visually present, simultaneously, the first input signal at input channel 402 as the
first historical waveform for input channel 402 and the second input signal at input channel
402 as the second input signal at input channel 402 as a second present-time waveform for
input channel 402. This refreshing of the display can occur while the display is being
refreshed to display waveforms generated from input signals received at input channel 400.

Refreshing the display can include refreshing the display simultaneously for multiple
input channels. As an example, the display can be refreshed to simultaneously display (i) the
first input signal at the first input channel as the first historical waveform, (ii) the second
input signal at the first input channel as the second present-time waveform for the first input

channel, (iii) the first input signal at the second input channel as the first historical waveform
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for the second input channel, and (iv) the second input signal at the second input channel as a
second present-time waveform for the second input channel, or some other combination of
waveforms from input signals received at input channels 400 and 402.

IV.  ALTERNATIVE DISPLAY

Display 300 of display device 108 can display present-time and historical waveforms
that are generated by input signals received at DAQ device 104. The digital data generated
by input signal processing element 914 and displayable at DAQ device 104 as present-time
and historical waveforms can be transmitted to display device 108 via wireless network 110.
Display device 108 can display the data received from DAQ device 104 as the present-time
and historical waveforms.

FIG. 14 illustrates an example embodiment of display device 108, and in particular,
that display device 108 includes display 300, a microphone 302 for receiving audible data
(e.g., voice data generated by a user of display device 108 or sounds generated by a motor
vehicle), a status indicator 304 (e.g., a light emitting diode (LED)), and user controls 306.
The voice data may include voice commands for making a mode-selection from a menu
displayed on display 300. A microphone symbol is located above microphone 302 and a
data storage device symbol is located above status indicator 304.

Display 300 may comprise a liquid crystal display (LCD), a plasma display, or some
other type of display. Display 300 is operable to visually present (e.g., display) data to a
user. Display 300 may visually present data using numbers, letters, punctuation marks,
pictures, graphs, waveforms, or some other visually presentable form of data. The data
visually presentable and/or preéented at display 300 may include locally-acquired data
(LAD), such as menu data 216 and a cursor that can be moved between menu items of menu
data 216. The data visually presentable and/or presented at display 300 may include
remotely-acquired data (RAD), such as data acquired via wireless transcei?er 202 or wired
interface 206. The RAD may include data for generating present-time and historical
waveforms for input signals received at one or more input channels of DAQ device 104.

Display 300 may comprise a touch screen that can detect the presence and location of
a touch within its display area. The various menu items of a displayed menu may be selected
via the touch screen. While operating to display waveforms, the touch screen may include
one or more areas designated for tagging an input signal to be dislayed as a historical
waveform. Each of the designated areas may correspond to input signals received at a

respective input signal of DAQ device 104.
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User controls 306 are operable to enter a user input. User controls 306 may be
arranged in various ways. In that regard, user controls 306 may be arranged to include a
keypad, rotary switches, push buttons, or some other means to enter a user input. In the

example embodiment illustrated in FIG. 14, user controls 306 include a power button 308, a

brightness button 310, a keyboard button 312, a camera button 314, a cursor left button 316,
a cursor right button 318, a cursor up button 320, a cursor down button 322, a menu item
selection button 324, and a quick access button 326. Table 2 lists example user inputs that
can be entered by pushing a user control of user controls 306. Other examples of user
controls 306 and other examples of the user inputs are also possible.
User Control Example User inputs
Power button 308 Turn display device 108 power on or off.
Brightness button 310 Increase or decrease a brightness of display 300. Display a
brightness menu at display 300.
Keyboard button 312 Display keyboard at display 300. Remove keyboard being
displayed at display 300.
Camera button 314 Activate camera shutter to capture an image
Cursor left button 316 Move a cursor, displayed at display 300, to the left
Cursor right button 318 Move a cursor, displayed at display 300, to the right
Cursor up button 320 Move a cursor, displayed at display 300, upward
Cursor down button 322 Move a cursor, displayed at display 300, downward
Menu item selection button 324 | Select a menu item from displayed menu data 216.
Quick access button 326 Select a function that pertains to a current operating mode
of display device 108 (e.g., tag an input signal being
displayed as a waveform).

Table 2

Next, FIG. 15 is a block diagram of display device 108. As illustrated in FIG. 15,
display device 108 includes a user interface 200, a wireless transceiver 202, a processor 204,
a wired interface 206, and a data storage device 208, all of which may be linked together via
a system bus, network, or other connection mechanism 210.

User interface 200 is operable to present data to a user and to enter user inputs. User
interface 200 may include display 300. Display 300 is operable to visually present data,
such as data transmitted to wireless transceiver 202 from a remote device (e.g., DAQ device
104 or vehicle scanner 106), data that is transmitted to wired interface 206, data stored at
data storage device 208 (e.g., menu data 216), or some other type of data. Display 300 may
simultaneously display data that is transmitted to display device 108 from DAQ device 104
and data that is transmitted to display device 108 from vehicle scanner 106.

Wireless transceiver 202 comprises a wireless transceiver that is operable to carry out

communications via wireless network 110. Wireless transceiver 202 may carry out
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communications with one or more remote devices, such as one or more of DAQ device 104,
vehicle scanner 106, and some other device (other than display device 108) that is operating
to communicate via wireless network 110. As an example, wireless transceiver 202 may
comprise a Bluetooth transceiver, a Wi-Fi transceiver, or some other type of wireless
transceiver.

In accordance with an embodiment in which DAQ device 104, vehicle scanner 106,
and display device 108 each include a single wireless transceiver (e.g., a Bluetooth
transceiver), one of the devices, such as display device 108, can operate as a master (e.g., a
controller), and the other devices, such as DAQ device 104 and vehicle scanner 106, can
operate as slaves to the master. DAQ device 104, vehicle scanner 106, and display device
108 may transmit communications via wireless network 110 using a time-division duplex
arrangement and synchronized to a clock signal of the master.

Wireless transceiver 202 is not limited to a single wireless transceiver. For example,
wireless transceiver 202 may comprise a Bluetooth transceiver and a Wi-Fi transceiver. In
accordance with such an example, the Bluetooth transceiver may communicate with DAQ
device 104 and/or vehicle scanner 106 via a Bluetooth network of wireless network 110, and
the Wi-Fi transceiver may communicate with DAQ device 104 and/or vehicle scanner 106
via a Wi-Fi network of wireless network 110.

Under a given implementation of a Bluetooth network, up to seven devices may
actively exchange data with a master of the Bluetooth network. When dne of the seven
devices transitions from being an active device to a parked device, another parked device can
transition from being a parked device to an active device that can exchange data with the
master. If display device 108 is operating as the master of the Bluetooth network, then up to
seven remote devices may actively exchange data with display device 108. As an example,
the remote devices exchanging data with display device 108 may include DAQ device 104
and vehicle scanner 106. As another example, the remote devices exchanging data with
display device 108 may include DAQ device 104, vehicle scanner 106, and another data
acquisition device (arranged similar to DAQ device 104). Other examples of remote devices
that can operate as one of seven devices actively exchanging data with display device 108
when display device 108 is operating as the master are also possible.

Wired interface 206 may include one or more ports. Each port of wired interface 206
provides an interface to display device 108 and to one or more circuits. In one respect, the
one or more circuits may comprise electrical circuits, such as the electrical circuits of a

Universal Serial Bus (USB) cable or the electrical circuits of an Ethernet cable (e.g., a CAT

23



10

15

20

25

30

WO 2012/024147 PCT/US2011/047336

5 cable). In another respect, the one or more circuits may comprise optical fibers that are
operable to carry optical signals. Other examples of the one or more circuits are also
possible.

Processor 204 may comprise one or more general purpose processors (e.g., INTEL
microprocessors) and/or one or more special purpose processors (e.g., digital signal
processors). Processor 204 may execute computer-readable program instructions (CRPI)
212 that are contained in computer-readable data storage device 208.

Data storage device 208 may comprise a computer-readable storage medium readable
by processor 204. The computer-readable storage medium may comprise volatile and/or
non-volatile storage components, such as optical, magnetic, organic or other memory or disc
storage, which can be integrated in whole or in part with processor 204. Data storage device
208 may contain various data including, but not limited to, CRPI 212, remote device data
214, menu data 216, and instruction data 218.

Remote device data 214 may include data associated with a device that is arranged to
communicate with display device 108 via wireless network 110. For example, remote
device data 214 may include data associated with DAQ device 104, such as a radio identifier
and password associated with DAQ device 104. The data associated with DAQ device 104
may be received at display device 108, for storing as remote device data 214, during a
pairing process carried out between display device 108 and DAQ device 104. The pairing
process between DAQ device 104 and display device 108 may include DAQ device 104
providing display device 108 with the data associated with DAQ device 104 and display
device 108 providing DAQ device 104 with data associated with display device 108. After
carrying out the paring process with DAQ device 104, display device 108 may use the
remote device data 214 when establishing communication network 110 with DAQ device
104.

Instruction data 218 may comprise various data. As an example, instruction data 218
may comprise data that illustrates how to connect DAQ device 104 and/or vehicle scanner
106 to device-under-service 102. As another example, instruction data 218 may comprise
diagnostic information for diagnosing device-under-service 102. For instance, in accordance
with an example embodiment in which device-under-service 102 comprises an automobile,
the diagnostic information may comprise diagnostic flow charts for diagnosing an electrical
system on the automobile. The diagnostic flow charts can provide different paths to follow
based on measurement data display device 108 obtains from DAQ device 104 and/or vehicle

scanner 106.
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Menu data 216 comprises data that can be visually presented via display 300 as a
menu. Each respective menu may comprise one or more menu items that is/are selectable by
a user. Selection of a menu item can cause display 300 to display instruction data 218.
Additionally or alternatively, selection of a menu item can cause wireless transceiver 202 to
transmit instruction data 218 to a remote device (e.g., DAQ device 104 or vehicle scanner
106) as payload of a message or to transmit a mode-selection command to the remote device.

CRPI 212 may comprise program instructions that are executable as an operating
system that provides for direct control and management of hardware components (e.g.,
processor 204 and data storage device 208) of display device 108. The operating system can
manage execution of other program instructions within CRPI 212. As an example, the
operating system may comprise the Windows XP Embedded (XPe) operating system
available from Microsoft Corporation, Redmond, Washington, United States. Other
examples of the operating system are also possible.

As another example, CRPI 212 may comprise program instructions that are
executable by processor 204 to cause display 300 to display menu data 216 or instruction
data 218. Displaying menu data 216 may include displaying a list of operating modes of
DAQ device 104 or a list of operating modes of vehicle scanner 106.

As another example, CRPI 212 may comprise program instructions that are
executable by processor 204 to identify a desired mode of a remote device (e.g., DAQ device
104 or vehicle scanner 106) selected from a list of operating modes displayed on display 300.
The list of operating modes may be stored within menu data 216. User interface 200 may be
used to select the desired mode from the displayed list of operating modes while the remote
device is operating in a mode different than the desired mode.

As another example, CRPI 212 may comprise program instructions that are
executable by processor 204 to generate a mode-selection command and to cause wireless
transceiver 202 to transmit the mode-selection command via wireless network 110. Those
program instructions may be executed in response to processor 204 identifying a desired
mode selected from the displayed list of operating modes. The mode-selection can include
data that indicates DAQ device should operate in its oscilloscope mode and that the DAQ
device should transmit data for displaying waveforms on display 300.

As another example, CRPI 212 may comprise program instructions that are
executable to cause data storage device 208 to store input data for generating a waveform.
The input data for generating a waveform may comprise digital data that is generated by

input signal processing element 914 in response to an analog input signal received from one
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of the input leads 912, and transmitted to display device 108 via wireless network 110. The
input data contained in data storage 208 may comprise input data similar to input data 922
contained in DAQ device 104.

As another example, CRPI 212 may comprise program instruction (referred to herein
as PI-212-F) that are executable to tag input signals as input signals to be displayed as
historical waveforms. Processor 204 may execute PI-212-F in response to use of user
control 306 while a present-time waveform is being displayed on display 300. Each input
channel of DAQ device 104 may be associated with a particular user control or area of
display 300 that can be pushed to cause a present-time waveform for that input channel to be
tagged as a historical waveform for that input channel.

As another example, CRPI 212 may comprise program instructions (referred to
herein as PI-212-G) that are executable to refresh display 300 and/or to determine which
waveform(s) should be displayed on display 300 each time it is refreshed. As an example,
execution of PI-212-G may cause processor 204 to determine that a particular input signal
for a first input channel of DAQ device 104 is to be displayed as a historical waveform and
to cause display 300 to display the particular input signal as a historical waveform when the
display is refreshed. Causing display 300 to display a particular input signal may include
retrieving from data storage device 208 data tagged as a historical waveform for a particular
input channel. Execution of PI-212-G to refresh display 300 may include causing display
300 to simultaneously display a present-time waveform and historical waveform for the first
input channel. Moreover, PI-212-G may be executed to refresh display 300 to

simultaneously display historical and present-time waveforms for multiple input channel of
DAQ device 104.

V. CONCLUSION
Example embodiments have been described above. Those skilled in the art will
understand that changes and modifications may be made to the described embodiments

without departing from the true scope and spirit of the present invention, which is defined by

the claims.
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CLAIMS

I claim:

1. A method comprising:

receiving a first input signal at a first input channel of a data acquisition (DAQ)
device;

after receiving the first input signal at the first input channel, refreshing a display to
visually present the first input signal at the first input channel as a first present-time
waveform for the first input channel;

receiving, while the first input signal at the first input channel is visually presented as
the first present-time waveform for the first input channel, a first user input at a user
interface and responsively tagging the first input signal at the first input channel as a first
historical waveform for the first input channel; and

after receiving the first input signal at the first input channel, receiving a second input
signal at the first input channel and responsively refreshing the display to visually present,
simultaneously, the second input signal at the first input channel as a second present-time
waveform for the first input channel and the first input signal at the first input channel as the

first historical waveform for the first input channel.

2. The method of claim 1, further comprising:

repeatedly receiving additional input signals at the first input channel, wherein the
first input channel receives the additional input signals after receiving the second input
signal at the first input channel, and wherein receiving the additional input signals comprises
receiving a third input signal at the first input channel; and

in response to receiving the third input signal at the first input channel, refreshing the
display to visually present, simultaneously, the first input signal at the first input channel as
the first historical waveform for the first input channel and the third input signal at the first

input channel as a third present-time waveform for the first input channel.

3. The method of claim 2, further comprising:

receiving, while the display visually presents, simultaneously, the first input signal at
the first input channel as the first historical waveform and the third input signal at the first
input channel as the third present-time waveform, a second user input at the user interface

and responsively tagging the third input signal at the first input channel as a second historical
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waveform for the first input channel, wherein repeatedly receiving the additional input
signals further comprises, after receiving the third input signal at the first input channel,
receiving a fourth input signal at the first input channel, and

after receiving the fourth input signal at the first input channel, refreshing the display
to visually present, simultaneously, the third input signal at the first input channel as the
second historical waveform and the fourth input signal at the first input channel as a fourth

present-time waveform for the first input channel.

4, The method of claim 1,

wherein the display uses a first color to visually present the first input signal as the
first present-time waveform,

wherein the display uses a second color to visually present the first input signal as the
first historical waveform,

wherein the display uses the first color to visually present the second input signal as
the second present-time waveform, and

wherein the first color and second color are different colors.

5. The method of claim 1,

wherein the display uses solid lines to visually present the first input signal as the
first present-time waveform,

wherein the display uses dashed lines to visually present the first input signal as the
first historical waveform, and

wherein the display uses solid lines to visually present the second input signal as the

second present-time waveform.

6. The method of claim 1, further comprising

disconnecting a first end of an input lead from a signal acquisition point, wherein a
second end of the input lead is connected to the first input channel, and wherein the first
input channel received the first input signal and the second input signal from the signal
acquisition point via the input lead; and

in response to disconnecting the first end of the input lead, refreshing the display to
visually present, simultaneously, the first input signal at the first input channel as the first
historical waveform and a horizontal line to represent that the first end of the input lead is

disconnected.

28



10

15

20

25

30

WO 2012/024147 PCT/US2011/047336

7. The method of claim 1, further comprising:

receiving input signals at a second input channel of the DAQ device, wherein
receiving the input signals at the second input channel comprises receiving a first input
signal at the second input channel and thereafter receiving a second input signal at the
second input channel, and wherein the display is operable to visually present input signals
received at the second input channel as respective present-time waveforms for the second
input channel;

after receiving the first input signal at the second input channel, refreshing the
display to visually present the first input signal at the second input channel as a first present-
time waveform for the second input channel;

receiving, while the first input signal at the second input channel is visually presented
as the first present-time waveform for the second input channel, a second user input at the
user interface and responsively tagging the first input signal at the second input channel as a
first historical waveform for the second input channel; and

after receiving the second input signal at the second input channel, refreshing the
display to visually present, simultaneously, the first input signal at the second input channel
as the first historical waveform for the second input channel and the second input signal at

the second input channel as a second present-time waveform for the second input channel.

8. The method of claim 7,

wherein refreshing the display to visually present, simultaneously, the first input
signal at the first input channel as the first historical waveform and the second input signal at
the first input channel as the second present-time waveform for the first input channel occurs
while refreshing the display to visually present, simultaneously, the first input signal at the
second input channel as the first historical waveform for the second input channel and the
second input signal at the second input channel as a second present-time waveform for the
second input channel, and ’

wherein the display simultaneously visually presents the first input signal at the first
input channel as the first historical waveform, the second input signal at the first input
channel as the second present-time waveform for the first input channel, the first input signal
at the second input channel as the first historical waveform for the second input channel, and
the second input signal at the second input channel as a second present-time waveform for

the second input channel.
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9. The method of claim 1, further comprising:

receiving, while the display is visually presenting the first input signal at the first
input channel as the first historical waveform, a second user input at the user interface,

wherein, while refreshing the display for the first time after receiving the second user
input, the display is refreshed so that the display is not visually presenting the first historical

waveform.

10.  The method of claim 1, wherein receiving the first user input at the user
interface comprises a processor within the DAQ device detecting that a selector input on the

DAQ device has been pushed or pushed and released.

11. A system comprising:

a first input channel that receives input signals, wherein the input signals received at
the first input channel comprise a first input signal at the first input channel and a second
input signal at the first input channel, wherein the first input signal at the first input channel
is at the first input channel prior to the second input signal at the first input channel;

a display that is operable to visually present each input signal at the first input
channel as a respective present-time waveform for the first input channel, wherein, after
receipt of the first input signal at the first input channel, the display is refreshed to visually
present the first input signal at the first input channel as a first present-time waveform for the
first input channel;

a processor;

a user interface that is operable to receive user inputs; and

a data storage device containing computer-readable program instructions that are
executable by the processor to tag input signals as historical waveforms,

wherein, in response to the user interface receiving a first user input while the first
input signal at the first input channel is visually presented as the first present-time waveform
for the first input channel, the processor executes the computer-readable program
instructions to tag the first input signal at the first input channel as a first historical waveform
for the first input channel, and

wherein, after receipt of the second input signal at the first input channel, the display

is refreshed to visually present, simultaneously, the first input signal at the first input channel
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as the first historical waveform for the first input channel and the second input signal at the

first input channel as a second present-time waveform for the first input channel.

12. The system of claim 11, wherein the first input signal at the first input
channel and the second input signal at the first input channel are received from a common

input signal acquisition point.

13. The system of claim 11, wherein the first input signal at the first input
channel and the second input signal at the first input channel are received from different

input signal acquisition points.

14.  The system of claim 11,

wherein the input signals received at the first input channel include a third input
signal at the first input channel, and

wherein, in response to receipt of the third input signal at the first input channel, the
display is refreshed to visually present, simultaneously, the first input signal at the first input
channel as the first historical waveform for the first input channel and the third input signal

at the first input channel as a third present-time waveform for the first input channel.

15.  The system of claim 11, further comprising:

a second input channel that receives input signals,

wherein the input signals received at the second input channel include a first input
signal at the second input channel and a second input signal at the second input channel,

wherein the first input signal at the second input channel is at the second input
channel prior to the second input signal at the second input channel,

wherein the display is operable to visually present each input signal at the second
input channel as a respective present-time waveform for the second input channel, and

wherein, after receipt of the first input signal at the second input channel, the display
is refreshed to visually present the first input signal at the second input channel as a first

present-time waveform for the second input channel.

16.  The system of claim 15,
wherein, after receipt of the second input signal at the second input channel, the

display is refreshed to visually present, simultaneously, the second input signal at the second
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input channel as a second present-time waveform for the second input channel, and the
second input channel receives a third input signal at the second input channel,

wherein the processor executes the computer-readable program instructions to tag the
second input signal at the second input channel in response to the user interface receiving a
second user input while the second input signal at the second input channel is visually
presented as the second present-time waveform for the second input channel, and

wherein, after receipt of the third input signal at the second input channel, the display
is refreshed to visually present, simultaneously, the second input signal at the second input
channel as a first historical waveform for the second input channel and the third input signal

at the second input channel as a third present-time waveform for the second input channel.
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