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(57) ABSTRACT 

A data acquisition system including a first sensor, a second 
sensor, and an electronic data acquisition device. The sensors 
can assume a variety of forms, such as analog, digital, bus, 
GPS, etc., and have disparate information formats. The data 
acquisition unit is electronically coupled to the sensors, and 
includes a processor, an aggregator module and a communi 
cation device. The processor processes information from the 
sensors. The aggregator module correlates signaled informa 
tion from the first sensor with signaled information from the 
second sensor based on time. Finally, the communication 
device is adapted to transmit information generated by the 
aggregator module to a location remote of the housing. 
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WIRELESS DATALOGGING SYSTEMAND 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 1 1/749,746, filed May 16, 2007, entitled 
“Wireless Data Logging System and Method’, and bearing 
Attorney Docket No. D536.101.102 which claims priority 
under 35 U.S.C. S 119(e)(1) to U.S. Provisional Patent Appli 
cation Ser. No. 60/800,809, filed May 16, 2006, entitled 
“Wireless Vehicle Data Logging System and Method, and 
bearing Attorney Docket No. D536.101.101, the teachings of 
all of which are hereby incorporated by reference. 

BACKGROUND 

0002 The present invention relates to systems for logging, 
managing, and reporting data relating to operational param 
eters associated with a device. More particularly, it relates to 
systems and methods for recording, in an unobtrusive man 
ner, operational parameters associated with a device Such as a 
vehicle, machine, product, etc., and reporting the logged 
information to a central location, for example via wireless 
communication. 

0003. Manufacturers and users of many different devices 
oftentimes have a strong interest in understanding how the 
device is operated and/or how the device performs. Some 
examples of such an application are vehicles. The types of 
vehicles for which operational/performance information is of 
value are wide-ranging, for example trucks, automobiles, 
construction equipment, buses, recreation vehicles (e.g., 
Snow mobiles, all-terrain vehicles, watercraft), agricultural 
implements, etc., to name but a few. Operational and/or per 
formance information is also highly desirable for a plethora 
of other devices, ranging from industrial equipment (e.g., 
pumps, machinery, etc.) to personal products such as bicycles 
and lawnmowers. Regardless, while it may be possible for the 
actual user to manually record some parameters of interest, 
this approach is highly susceptible to human error. Further, 
persons other than the user or operator do not have direct 
access to recorded information. Also, many operational 
parameters of interest are simply not readily available to the 
user and/or cannot be consistently recorded over short inter 
vals. 
0004. In light of the above, it has been suggested to pro 
vide a data acquisition unit, or data logger, with the device in 
question. In general terms, the data acquisition unit records 
information from a sensor associated with the device for 
Subsequent retrieval and analysis. Conventional data loggers 
simply store the information in an on-board memory that 
must be directly, electronically linked (i.e., hard wired) to a 
separate computing device in order to view the stored infor 
mation, and oftentimes requires physical removal of the data 
acquisition unit from the device. This represents a distinct 
drawback. Further, many conventional data acquisition sys 
tems come equipped with a single, specific sensor that, while 
appropriate for one device to be monitored, is of little or no 
value for any other device, thus overtly limiting the overall 
applicability of the system. Along these same lines, the data 
acquisition unit is oftentimes only able to capture data from a 
single sensor overdiscrete time intervals (e.g., where multiple 
sensors are provided, information is stored for only one of the 
sensors at any point in time), thus raising another system 
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limitation. Pointedly, the seemingly endless improvements to 
sensors (in terms of, for example, parameters able to be 
sensed, sensing or sampling rates, etc.) have negatively 
impacted the viability of conventional data acquisition units 
in that the ability to record meaningful information over 
extended periods of time is not possible, especially for Small 
sized device applications in which a large memory unit can 
not be employed. 
0005 Certain devices present additional, currently unmet, 
constraints upon the data acquisition unit. For example, for 
many vehicle applications, simply connecting or assembling 
a sensor to the vehicle's operational equipment (e.g., motor, 
common area network vehicle bus, etc.) along with a memory 
for recording sensed data is not a viable option. In particular, 
many vehicles operate under rugged conditions (e.g., tem 
perature, high humidity, exposure to water or Snow, etc.), 
dictating that the sensor/associated memory cannot be left 
unprotected. Additionally, for the operational information to 
be of real value, a number of parameters must be monitored, 
and thus an array of different sensors and/or data sources are 
required. In many instances, the vehicle operator and/or 
owner will simply not accept a system configuration in which 
multiple sensors are randomly assembled to various locations 
about the vehicle's motor. Similar footprint-type constraints 
are raised by many other devices for which operational moni 
toring is desired. 
0006. In light of the above, a need exists for systems and 
methods for unobtrusively logging device operational param 
eters from multiple, discrete sensor sources and transmitting 
this data to and organizing the data at or within a central 
location. 

SUMMARY 

0007 Some aspects in accordance with principles of the 
present disclosure relate to a data acquisition system includ 
ing a first sensor, a second sensor, and an electronic data 
acquisition device. The sensors canassume a variety of forms, 
Such as analog, digital, bus (e.g., CAN, serial), GPS, other 
data sources, etc. Regardless, the first sensor senses a first 
parameter and signals sensed information in a first format, 
whereas the second sensor senses a second parameter and 
signals sensed information in a second format differing from 
the first format. The data acquisition unit is electronically 
coupled to the sensors (and other data Sources where pro 
vided), and includes a housing maintaining a processor, an 
aggregator module and a communication device. The proces 
sor is programmed to process signaled information from the 
sensors, and is in electronic communication with the aggre 
gator module and the communication device. In this regard, 
the aggregator module is programmed to correlate signaled 
information from the first sensor with signaled information 
from the second sensor based on time. Finally, the commu 
nication device is adapted to transmit information generated 
by the aggregator module to a location remote of the housing. 
In some embodiments, the first format is characterized by a 
faster sampling rate as compared to a sampling rate of the 
second format, and the aggregator module is programmed to 
group or Summarize signaled information from the first sen 
sor over a designated time interval. In other embodiments, the 
data acquisition unit further includes an event module pro 
grammed to detect occurrence of a predetermined event and 
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prompt storing of a more complete data stream from one or 
more of the sensors in response to the event. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a block diagram of a data acquisition 
system in accordance with aspects of the present disclosure; 
0009 FIG. 2 is a block diagram of a data acquisition unit 
useful with the system of FIG. 1; 
0010 FIG.3 is a simplified illustration, in block form, of a 
portion of the data acquisition unit of FIG. 2, including an 
aggregator module: 
0011 FIG. 4 is a simplified illustration, in block form, of a 
portion of the data acquisition unit of FIG. 2, including an 
event module; and 
0012 FIGS. 5-8 are representative screenshots of displays 
generated by a user interface useful with the system of FIG.1. 

DETAILED DESCRIPTION 

0013. One embodiment of an electronic data acquisition 
system 20 in accordance with aspects of the present disclo 
sure is shown in block form FIG.1. The system 20 is operable 
upon a device 22 (referenced generally), and includes two or 
more sensors 24, a data acquisition unit 26, a user interface 
28, a data server 30, and optionally one or more additional 
personal communication device(s)32. Details on the various 
components are provided below. In general terms, however, 
the sensors 24 sense information indicative of one or more 
operational parameters associated with operation or use of the 
device 22, with the sensed information being signaled to the 
data acquisition unit 26. The data acquisition unit 26, in turn, 
records the signaled information in a manner described 
below. Stored and/or acquired information is delivered from 
the data acquisition unit 26 to the user interface 28 periodi 
cally and/or on a real time basis for Subsequent review by a 
user (not shown). In this regard, the user interface 28 can be 
operated by a user to selectively prompt delivery of informa 
tion in a desired manner from the acquisition unit 26, as well 
as to control configuration and operation of the data acquisi 
tion unit 26 via user-entered commands. Additionally, the 
data server 30 serves as a central location for permanent 
storage and organization of information from the data acqui 
sition unit 26, available for viewing by a user in a scheduled 
or ad-hoc fashion (e.g., via the user interface 28). Further, the 
communications device 32 (e.g., cell phone or PDA), where 
provided, can be employed to view data from the data acqui 
sition unit 26; in some embodiments, the system 20 is con 
figured such that the data acquisition unit 26 automatically 
delivers information to the communications device 32 when 
the acquired information meets a certain, predetermined cri 
teria or event. 
0014. As a point of reference, the system 20 is useful with 
a wide range of different device 22 types. For example, the 
device 22 can be a vehicle Such as a Snowmobile, a tractor, 
construction equipment, a bus, an all-terrain vehicle, etc. 
Alternatively, the device 22 can be industrial machinery (e.g., 
a pump), a power tool, an agricultural implement, a lawn 
mower, a bicycle, etc., to name but a few. It should be under 
stood, however, that the system 20 can be used with a wide 
variety of other devices not otherwise specifically mentioned. 
0015. As described in greater detail below, in some 
embodiments, the data acquisition unit 26 is adapted to pro 
cess and store information from a plurality of discrete or 
disparate sensors, two or more of which generate or signaling 

Jan. 13, 2011 

data in a unique format. With this in mind, the sensors 24 
generally reflected in FIG. 1 can assume a wide variety of 
forms currently available or in the future developed, appro 
priate for the device 22 being monitored (in terms of, for 
example, physical construction of the device 22, operational 
parameters of interest, etc.). Thus, one or more of the sensors 
24 can be an analog-type sensor (e.g., signaling data indica 
tive of a sensed parameter in analog form) Such as tempera 
ture sensors, pressure sensors, acceleration sensors, flow sen 
sors, vibration sensors, torque sensors, force sensors, strain 
gauges or sensors, load sensors, Voltage sensors, amperage 
sensors, etc. Additionally or alternatively, one or more of the 
sensors 24 can be a digital-type sensor (e.g., signaling data 
indicative of a sensed parameter in digital form) such as 
proximity sensors, limit Switches, etc., Even further, one or 
more of the sensors 24 can be otherforms of data sources Such 
as a Global Positioning System (GPS) receiver or a device 
specific data source or bus architecture Such as a vehicle bus 
(e.g., common area network (CAN) vehicle bus) that can 
communicate with the processor 42 over any established 
communication technology (e.g., CAN, RS232, RS485, I2C, 
etc.). Regardless, one or more of the sensors 24 can be pro 
vided apart from the device 22 to be monitored (e.g., as a 
component of the data acquisition unit 26) and Subsequently 
assembled thereto along with the data acquisition unit 26 
(e.g., a GPS receiver), can be a sensor initially provided apart 
from both of the device 22 and data acquisition unit 26 and 
Subsequently assembled thereto, or can be a sensor initially 
provided with the device 22 to be monitored and simply 
electronically coupled to the acquisition unit 26 as part of the 
device 22/acquisition unit 26 assembly (e.g., a engine control 
unit (ECU) provided with a vehicle as generating data via a 
CAN vehicle bus). 
0016 Regardless of sensor type, two or more of the sen 
sors 24 employed with the system 20 can generate or signal 
information in a differing format. For example, an analog 
sensor will signal information in analog form, Such as in 
terms of Voltage, whereas a digital sensor will signal infor 
mation in digital form, such as in terms of 1 or 0. GPS and 
CAN sensors signal information in yet other formats that are 
typically unique message protocols. Even further, the dispar 
ate sensor information formats can differ in other manners, 
for example in terms of actual or available sampling rate (as 
dictated, for example, by an A/D converter board associated 
with the data acquisition unit 10). For example, a first, analog 
sensor format may have an available sampling rate on the 
order of 5 kHz, a second, GPS sensor format may have an 
available sampling rate on the order of 1 Hz, and a third, serial 
bus sensor format may have an available sampling rate on the 
order of 50 Hz. As described below, the data acquisition unit 
26 is configured to correlate the disparate sensor data, for 
example based on time, increating meaningful representation 
of device 22 operation. 
0017. The data acquisition unit 26 can assume a wide 
variety of forms best suited for the device 22 to which it is 
assembled along with the operational parameters of interest. 
With this in mind, FIG. 2 illustrates one embodiment of the 
data acquisition unit 26 in accordance with aspects of the 
present disclosure. The data acquisition unit 26 includes a 
housing 40 maintaining a processor or controller 42, a 
memory or cache 44, one or more optional analog input ports 
46, one or more optional digital input ports 48, an optional 
CAN input port 50, an optional GPS receiver 52, an aggrega 
tor module 54, an event module 56, and a communications 
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device 58. Other sensor input ports (not shown) can also be 
provided, such as one or more USB ports, one or more UART 
serial ports, etc. In general terms, the processor 42 receives 
and processes and/or manages data or information acquired at 
the ports 46-50 and the GPS receiver 52 pursuant to protocols 
dictated by the aggregator module 54 and/or the event module 
56, and stores the so-generated information in the memory 
44. Further, the processor 42 is electronically coupled to the 
communication device 58, prompting operation of the com 
munication device 58 to transmit data to an external server 30 
(FIG. 1), as well as operating in response to commands 
received at the communication device 58. Various compo 
nents of the data acquisition unit 26 are powered and regu 
lated by a power module (not shown) carried within the hous 
ing 40 that is otherwise adapted for electrical connection to a 
power source (e.g., a battery) normally provided with the 
device 22 (FIG. 1). With this one embodiment, then, the 
power module accounts for uncertain power levels commonly 
associated with the device power source. Alternatively, other 
techniques for powering the data acquisition unit 26 are also 
acceptable. 
0018. The housing 40 is sized and shaped in accordance 
with the device 22 (FIG. 1) to be monitored. In some embodi 
ments, the housing 40 forms a sealed (e.g., water proof) 
enclosure about the components 42-58. To this end, the pro 
cessor 42 in combination with the aggregator module 54 and 
the event module 56 are adapted to minimize the amount of 
intelligence (and thus physical size of various electronic com 
ponents) required for acquiring desired data, while leveraging 
other components of the system 20 (FIG. 1) for more power 
ful data analysis and processing. As a result, the housing 40 
can be of a relatively small size as compared to conventional 
data loggers, for example at a form factor on the order of 4.5 
inches by 4 inches by 2 inches, although a wide variety of 
other sizes (either greater or lesser) are also acceptable. 
0019. The processor 42 can assume a variety of forms 
known in the art or in the future developed (e.g., a processor 
chip or chip set, a multicore processor, etc.) appropriate for 
performing the data acquisition and processing steps 
described below, and can include a microprocessor as known 
in the art. In some embodiments, the processor 42 maintains 
or is programmed to operate upon a personal computer oper 
ating system (e.g., Linux Operating System). Further, the 
processor 42 is programmed (or electronically linked to an 
appropriate module) to dictate polling of information from 
the various ports 46-50 and the GPS receiver 52 at desired, 
disparate rates (e.g., at default rates or at rates selected by a 
user). As a point of reference, while FIG. 2 illustrates the 
modules 54, 56 as being provided apart from, and electroni 
cally coupled to, the processor 42, in other embodiments the 
processor 42 can include (e.g., be programmed with logic 
associated with) the modules 54, 56. In addition, the proces 
sor 42 can be electronically coupled to, or otherwise be pro 
grammed to operate upon, other components or modules not 
shown, Such as a counter and/or timer/clock, etc. 
0020. The memory 44 can also be of any type currently 
known or in the future developed, and can be provided as part 
of the processor 42 architecture or can be an external compo 
nent. Thus, the memory 44 can be or include a memory cache 
(e.g., DRAM or Compact Flash), although other electronic 
components capable of storing information are also accept 
able. 
0021. The analog input ports 46 are generally configured 
to establish an electrical connection with a corresponding 
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analog sensor (not shown, but described above). The one or 
more analog input ports 46 can assume any form known, and 
thus can be a mechanical/physical connector, wireless con 
nector, etc. In fact, in Some optional embodiments, one or 
more of the analog input ports 46 is a hard wired (or more 
permanent) connection to the corresponding analog sensor. 
Regardless, the analog input port(s) 46 establish an elec 
tronic/communicative link between the processor 42 and the 
sensor (not shown) associated with (connected to) the analog 
input port 46 Such that the processor 42 receives data gener 
ated or signaled by the sensor, with the data being indicative 
of a parameter being sensed by the sensor. While FIG. 2 
illustrates two of the analog input ports 46, in other embodi 
ments, more or less (including none) of the analog input ports 
46 can be provided. For example, in one non-limiting con 
figuration, the data acquisition unit 26 includes eight—six 
teen of the analog input ports 46. As a point of reference, the 
types of analog sensors useful with the system 20 (FIG. 1) can 
vary greatly as indicated above. In this regard, the analog 
input ports 46 are preferably universal ports, able to establish 
an electronic link to any analog sensor type. 
0022. Similarly, the digital input ports 48 are generally 
configured to establish an electrical connection with a corre 
sponding digital sensor (not shown, but described above). The 
one or more digital input ports 48 can assume any form 
known, and thus can be a mechanical/physical connector, 
wireless connector, etc. In fact, in Some alternative embodi 
ments, one or more of the digital input ports 48 is a hardwired 
(or more permanent) connection to the corresponding analog 
sensor. Regardless, the digital input port(s) 48 establish an 
electronic/communicative link between the processor 42 and 
the sensor associated with (connected to) the digital input port 
48 Such that the processor 42 receives data generated or 
signaled by the sensor, with the data being indicative of a 
parameter being sensed by the sensor. While FIG. 2 illustrates 
two of the digital input ports 48, in other embodiments, more 
or less (including none) of the digital input ports 48 can be 
provided. For example, in one non-limiting configuration, the 
data acquisition unit 26 includes eight of the digital input 
ports 48. As a point of reference, the types of digital sensors 
useful with the system 20 (FIG. 1) can vary greatly as indi 
cated above. Thus, the digital input ports 48 are preferably 
universal ports, able to establish an electronic link to any 
digital sensor type. 
(0023. Where provided, the CAN port 50 can also be of a 
type known in the art and is adapted to establish an electronic 
communicative link between the processor 42 and a corre 
sponding CAN bus provided with device 22 (FIG. 1). As a 
point of reference, CAN bus architecture is standard for cer 
tain types of devices 22 with which the system 20 (FIG. 1) is 
useful. Such as vehicles. In this regard, the data acquisition 
unit 26 can include additional components or features useful 
for interfacing with the CAN bus, such as a converter for 
translating CAN bus protocol to serial, CAN communication 
features including listen only, CAN 2.0a or 2.0b compatibil 
ity, user-defined message requests, individual channel filter 
ing, etc. In other embodiments, the CAN port 50 can be 
eliminated. 

(0024. Where provided, the GPS receiver 52 is of a type 
known in the art, and can be located internally within the 
housing 40. The GPS receiver 52 serves as a discrete sensor or 
Source of data, and is in electronic communication with the 
processor 42 such that information signaled by the GPS 
receiver 52 is received and processed by the processor 42. In 
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other embodiments, the GPS receiver 52 can be provided 
apart from the data acquisition unit 26 (e.g., the data acqui 
sition unit 26 can include a GPS port adapted to establish an 
electronic link to a GPS receiver otherwise provided with the 
device 22 (FIG. 1) being monitored); even further, the GPS 
receiver 52 can be eliminated. 

0025. As alluded to above, a wide range of disparate sen 
sor inputs are provided to the processor 42. The aggregator 
module 54 operates to correlate the disparate data streams 
with one another in a manner minimizing requisite space of 
the memory 44, yet resulting in meaningful reporting infor 
mation. In general terms, the aggregator module 54 can be 
Software programmed to the processor 42, or can be a stan 
dalone module that is electronically coupled to the processor 
42. Regardless, the aggregator module 54 dictates, at least in 
part, which sensor information is ultimately stored in the 
memory 44, in what format, and when they are logged. More 
particularly, the aggregator module 54 establishes a common 
basis for the simultaneously received sensor inputs (e.g., time 
basis), and filters or establishes a more compact representa 
tion of sensor data for sensors exhibiting a higher sampling 
rate as compared to others of the sensors 24 (FIG. 1). In this 
way, all data from sensor(s) 24 being sampled and/or gener 
ating sensor information at highly elevated rates or speeds 
need not be stored in the memory 44; instead, a Summary or 
grouping of sensor information is generated and stored over a 
designated time interval that is commensurate with the Sam 
pling rate capabilities of all the sensors 24. Further, a times 
tamp or counter can be associated with the set of sensor data 
(or data Summary or grouping) at each interval. 
0026. In some embodiments, and with additional refer 
ence to FIG. 3, the aggregator module 54 is programmed to 
perform or provide a filter function 60 with one, two, or all, of 
the sensor 24 (referenced generally). As a point of reference, 
FIG. 3 illustrates representative signaled sensor data from a 
first analog sensor 24a, a second analog sensor 24b, a digital 
sensor 24c, and a serial sensor 24d (e.g., a CANbus converted 
to serial format), it being understood from the above that a 
wide variety of other sensor inputs are equally acceptable 
(e.g., a GPS sensor input). With the representation of FIG. 3, 
the analog sensors 24a, 24b are generating information (or is 
being sampled at) a first rate. Further, the digital sensor 24c is 
signaling information in a format and rate disparate from that 
of the analog sensors 24a, 24b, as is the serial sensor 24d (as 
well as possibly other non-analog sensors or data sources 
provided with the system 20 (FIG. 1)). With the above in 
mind, the filter function 60 Summarizes or groups the signaled 
information from at least Some of the sensors 24a-24d. 

0027. In some embodiments, the analog sensor 24a, 24b 
information is analyzed and reduced to a more manageable 
and representative data point(s) by the aggregator module 54. 
For example, the filter function 60 can reduce the analog 
sensor 24a, 24b information to a minimum value, a maximum 
value, and an average value over the designated time interval. 
Other representative date points can alternatively or addition 
ally be generated and stored (e.g., data points outside of a 
threshold limit, mean value, etc.). With this approach, then, 
where the analog sensor 24a, 24b is signaling captured infor 
mation at exceedingly high rates (e.g., 5 kHz), only small 
number of representative data points are possibly available 
for storage in the memory 44 for each time interval (e.g., once 
per second, the aggregator module 54 reviews the signaled 
information from the first analog sensor 24a, determines a 
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maximum value, minimum value, and average value over that 
second, and makes the values available for storage in the 
memory 44). 
0028. In some embodiments, it may be unnecessary to 

filter signaled information from the digital sensor 24c due to 
the typical “on” or “off (i.e., 1 or 0) output generated by 
digital sensors. In other embodiments, however, the filter 
function 60 can operate to filter or summarize information 
from the digital sensor 24c over the designated time interval. 
For example, the filter function 60 can operate to retrieve 
information from the digital sensor 24c only in instances 
where a state value of the digital sensor 24c information 
changes during the designated time interval. 
0029. Similarly, the filter function 60 may or may not 
operate upon the information generated by the serial sensor 
24d. For example, the filter function 60 can perform a parsing 
operation upon the data stream signaled by the serial sensor 
24d. parsing out only desired information or data point(s). By 
way of reference, where the serial sensor 24d is or includes a 
CAN bus (the output of which is converted to a serial format), 
a wide range of operational information may be represented 
in the data stream, a majority of which is of little or no interest 
to an end user. Under these circumstances, the filter function 
60 can operate to retrieve only a portion of the serial data 
stream that otherwise relates to the parameter(s) of interest. 
The filter function 60 can also generate interpolated data 
based on values sensed from any combination of the sensors 
24a-24d. 

0030 The designated time interval over which the filter 
function 60 operates can be determined in a number of dif 
ferent ways. In some embodiments, the designated time inter 
Val is a user-determined value that is implemented as a default 
value programmed to the aggregator module 54, or as a user 
entered command delivered to the processor 42 and ulti 
mately acted upon by the aggregator module 54. In other 
embodiments, the aggregator module 54 can operate to deter 
mine an appropriate designated time interval based upon an 
evaluation of the capabilities of each of the sensors 24 pro 
vided with the system 20 (FIG. 1). For example, the aggre 
gator module 54 can poll the sensors 24 otherwise connected 
to (or provided with) the data acquisition unit 26 and deter 
mine a sampling rate capability of each of the sensors 24 (or 
can poll user-entered sampling rate designations entered by a 
user for all of the provided sensors 24). The aggregator mod 
ule 54 then determines which of the sensors 24 has the “slow 
est” sampling rate (either sampling rate capability or Sam 
pling rate as dictated by a user), and designates the sampling 
interval associated with this so-determined interval as being 
the designated time interval over which the various filtering 
operations are performed. Regardless, the designated time 
interval can be commensurate with the minimum sampling 
rate presented by the sensors 24 in total, and can be, in some 
embodiments, approximately one second. Thus, for example, 
where the designated time interval is one second, the aggre 
gator module 54 performs the filter function described above 
upon the appropriate sensor information once per second. 
0031. Following operation of the filter function 60, the 
aggregator module 54 can operate to store the Summarized or 
grouped data (or raw data for sensor(s) signaling one data 
point over the course of the designated time interval) in the 
memory 44. In other embodiments, the aggregator module 54 
operates in connection with a temporary register 62 at which 
all signaled sensor information is temporarily stored. The 
temporary register 62 can be a memory-type component of 



US 2011/00101.33 A1 

the aggregator module 54, provided with the processor 42, or 
a standalone component. Regardless, information stored in 
the temporary register 62 can Subsequently be processed or 
analyzed as described below, during which a decision is made 
to store or not store some or all of the information from the 
temporary register 62 in the memory 44. 
0032. In addition to the one or more filtering operations 
described above, the aggregator module 54 is, in some 
embodiments, adapted or programmed to assign a common 
timestamp or counter to all of the acquired and, where appli 
cable, Summarized or filtered, sensor information at each 
designated time period, and associated the so-generated 
timestamp to the correlated information as saved in the 
memory 44. For example, the aggregator module 54 can make 
reference to or include a clock or timer that can include date 
information. In some embodiments, the timer is a UTC ref 
erenced date/timestamp device, generating time information 
in seconds, microseconds, or nanoseconds relative to an 
assigned starting point. Unless the assigned starting point is 
exactly correlated with a UTC timestamp, the “timestamp' is 
only differential, not absolute. With this in mind, in some 
embodiments, the data acquisition unit 26 is adapted to cap 
ture timestamps as absolute UTC-relative (e.g., time Zone 
based) values with a maximum error of 0.1 seconds and a 
timer resolution of 1 microsecond, although other configura 
tions are also acceptable. Regardless, the aggregator module 
54 continuously performs the above protocols over consecu 
tive ones of the designated time intervals, prompting storing/ 
timestamping of sensor data in the memory 44. 
0033 Returning to FIG.2, and with additional reference to 
FIG. 4, in some embodiments the event module 56 can be 
provided and effectuates further decisions on when informa 
tion is stored in the memory 44, the format of the stored 
information and/or the sensor(s) 24 from which information 
is stored. In general terms, the event module 56 can be soft 
ware programmed to the processor 42, or can be a standalone 
module that is electronically coupled to the processor 42. The 
event module 56 is adapted or programmed to poll or inter 
rogate data stored in the temporary register 62, and prompt 
storage of information in the memory 44 pursuant to one or 
more event functions 70, 72. The event functions 70, 72 
represent designated protocols for determining that an 
“event has occurred. For example, the event function 70 can 
be a timer event whereby for certain ones of the sensors 24 
(e.g., the first analog sensor 24a and the serial sensor 24d), 
each time a predetermined time period has elapsed, the cor 
responding sensor information (e.g., as filtered by the aggre 
gator module 54) is automatically stored (with a correspond 
ing timestamp) in the memory 44. Parameters of the timer 
event associated with the event function 70 can differ for each 
of the sensors 24, can apply to only a selected number of the 
sensors 24, or can be identical for two or more or all of the 
sensors 24 provided with the system 20 (FIG. 1). Further, the 
timer event parameter(s) can be provided as default values 
with the event module 56 and/or can be set or altered by a user 
via appropriate commands. In some embodiments, the system 
20 can be configured Such that an event detected or generated 
at one data acquisition unit 26 can then cause an “action' that 
transmits a message to an external receiving device or system, 
identifying the event and associated data. The receiving 
device can be the data server 30 (FIG. 1) or another data 
acquisition unit 26 with a suitably defined event trigger. 
Events can thus be cascaded across multiple systems, trigger 
ing multiple actions at the event recipients. 
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0034. The event function 72 can be a threshold event 
whereby upon detection by the event module 56 of data from 
one of the sensors 24 outside of a threshold limit or range, the 
event module 56 operates to automatically cause the corre 
sponding sensor data to be saved in the memory 44. As 
reflected in FIG.4, the event function 72 is applied to less than 
all of the sensors 24 (e.g., is provided for the second analog 
sensor 24b and the digital sensor 24c), but in other embodi 
ments, can be provided for all of the sensors 24 (alone or in 
addition to a corresponding timer event function 70). The 
threshold parameters or limits associated with each sensor 24 
otherwise having one of the threshold event functions 72 can 
be provided as default values, and/or can be set or altered by 
a user via user-entered commands. 

0035. With some configurations, the event module 56 is 
adapted or programmed to prompt storage of the full trace of 
information signaled by the sensor 24 otherwise determined 
to have signaled information indicative of a threshold event 
over an event time period. In other words, for one or more of 
the sensors 24, where the sensor 24 in question is deemed to 
have “sensed data outside of the corresponding threshold 
range/limits, the event module 56 operates to store in the 
memory 44 an unfiltered representation of all information 
received from that sensor 24 over an event time window 
surrounding the time of the threshold event occurrence (in 
addition to or instead of the Summarized/grouped represen 
tation of the data as generated by the aggregator module 54). 
For example, where the threshold event function 72 deter 
mines that the second analog sensor 24b has signaled infor 
mation outside of a corresponding threshold range at a time t, 
the event module 56 causes the entire stream of data from the 
second analog sensor 24b over the event time window (i.e., 
t+/-n, where n is a default value or designated by the user, and 
can be on the order of 1-10 seconds) to be saved in the 
memory 44. Even further, upon determining that one of the 
sensors 24 is sensing information outside of the correspond 
ing threshold limits, the event module 56 can prompt the 
memory to store full, unfiltered data streams from two or 
more or all of the sensors 24. Regardless, the threshold event 
function 72 operates to provide the end user with a more 
complete representation of sensor information, thus allowing 
the user to more easily ascertain the cause of the threshold 
event. 

0036 Returning to FIGS. 1 and 2, the communication 
device 58 can assumea wide variety of forms, appropriate for 
establishing a communicative link with the user interface 28. 
In some embodiments, the communication device 58 facili 
tates wireless communication with the user interface 28, the 
data server 30, and the communications device 32 (where 
provided), such as WiFi (802.11), Zigbee, cellular (GSM/ 
GPRS, CDMA/ECDMA), etc. To this end, the system 20 can 
further include additional components necessary for effectu 
ating a desired wireless interface (e.g., can include a wireless 
base station (not shown) that receives and transmits informa 
tion from the communication device 58 to the user interface 
28 via a known medium, for example the internet). In other 
embodiments, the communications device 58 is adapted to 
provide a direct or wired link with the user interface 28, for 
example via an ethernet port. Even further, the communica 
tions device 58 can be adapted to facilitate both wired and 
wireless links. Regardless, the communications device 58 is 
electronically coupled to the processor 42, transmitting infor 
mation from the memory 44 as prompted by the processor 42 
to the user interface 28, the data server 30, and the commu 
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nications device 32 (where provided), as well as, in some 
embodiments, transferring user-entered command prompts 
from the user interface 28 to the processor 42. 
0037 Commensurate with the above explanation, the user 
interface 28 and the data server 30 can assume a variety of 
forms, and in Some embodiments, the system 20 is configured 
to interface with two or more different user interface 28 
and/or data server 30 formats. For example, with some con 
figurations, the data server 30 is maintained at a facility 
remote of the device 22/data acquisition unit 26, and can be 
periodically linked to the user interface 28 (e.g., a personal 
computer). The data server 30 can process data from the data 
acquisition unit 26 in various manners as described below, 
can save the received data and/or processed information in a 
database, and/or can transmit the data/information to the user 
interface 28 and/or a separate work station (e.g., lap top 
computer, desktop computer, etc.). The user interface 28 can 
be a personal computer or similar computing device such as a 
hand-held computing device. 
0038 Regardless of form, in some embodiments, the user 
interface 28 is adapted or programmed to prompt delivery of 
stored information from the data acquisition unit 26. To this 
end, the system 20 can be configured Such that information is 
only transmitted to the user interface 28 in response to a 
received “send' command from the user interface 28. Addi 
tionally or alternatively, the data acquisition unit 26 can be 
adapted or programmed to automatically transmit, or attempt 
to transmit, stored information at predetermined time inter 
Vals (e.g., nightly). 
0039. In addition to the above, the user interface 28 can be 
configured to display information from or about the data 
acquisition unit 26 in various modes. For example, FIG. 5 
provides a representative screen shot of a display 100 gener 
ated by the user interface 28. In particular, the display 100 
relates to a current configuration of the data acquisition unit 
26 (e.g., number and types of sensors, sampling rates, storage 
configurations, threshold limits, aggregation rates, etc.). 
Along these lines, the user interface 28 can provide the user 
with the ability to select or change one or more parameters 
associated with the data acquisition unit 26. For example, 
FIG. 6A is a representative screen shot of a display 102 
generated by the user interface 28, and includes information 
relating to a configuration of various ones of the sensors 
(designated as “channels' or “Ch” in the display 102). Upon 
selecting a desired sensor or channel (e.g., “Ch 0” in FIG. 
6A), the user interface 28 operates to present the user with a 
more complete representation of the sensor configuration as 
shown by the representative screen shot display 104 of FIG. 
6B. By entering desired commands into the user interface 28 
at the configuration display 104, one or more parameters 
associated with the selected sensor 24 can be selected or 
altered by the user. For example, the sensor “name.” units, 
Scaling constants, etc., can be entered or altered. Upon con 
firming the selected or altered parameter(s), the user interface 
28 operates to transmit the configuration information to the 
data acquisition unit 26 for Subsequent application by the 
processor 42 as described above. 
0040. Other display formats can be provided with the user 
interface 28. FIGS. 7A and 7B are representative screen shots 
of user interface-generated displays 106, 108 providing real 
time information for one or more selected sensors (when the 
user interface 28 and the data acquisition unit 26 are other 
wise communicatively linked). The display 106 provides a 
listing of all current (e.g., filtered) data in numerical form. 

Jan. 13, 2011 

Conversely, the display 108 is an analog, real time represen 
tation of current information being generated by the selected 
sensor, and may further include any filtered information as 
described above. 

0041. In addition, the user interface 28 can optionally be 
adapted or programmed to generate and display an analysis of 
the information generated and stored by the data acquisition 
unit 26. For example, FIG. 8 provides a representative screen 
shot of a display 110 generated by the user interface 28 in 
some embodiments, and provides a user with the ability to 
select a sensor of interest and displays, in graphical form, the 
corresponding sensor information. In addition, the user inter 
face 28 can be adapted to allow a user to save the selected 
sensor data in other formats, such as an ASCII text file. Other 
analysis and/or reporting tools can be included with the user 
interface 28 and/or the data server 30. 

0042. In contrast to the user interface 28 that otherwise 
provides temporary representation of acquired data, the data 
server 30 serves to permanently save and organize all 
acquired information. The data server 30 can be programmed 
with appropriate software to generate a variety of different 
Summaries or reports/analysis of data acquired over long 
periods of time. In some embodiments, the system 20 is 
configured such that the data acquisition unit 26 systemati 
cally downloads acquired and stored information to the data 
server 30 on a regular basis, with the data server 30 effectively 
serving as a blind receiver. Once a data download to the data 
server 30 is complete, the memory 44 (FIG. 2) of the data 
acquisition unit 26 can be partially or completely cleared of 
previously acquired data, thus providing Sufficient memory 
space for storage of additional, newly acquired (and possibly 
filtered) information. When desired, a user can access the 
stored information and any reports generated by the data 
server 30, for example via the user interface 28. 
0043. The data acquisition systems and related methods of 
operation of the present disclosure provide marked improve 
ments over previous designs. Remote logging of data or infor 
mation from multiple, disparate sensors (having different 
data formats) is achieved, the data or information being stored 
in an on-board cache or memory in a very compact and 
orderly fashion Such that it can be uplinked, repackaged, and 
decoded on the user interface. Further, the formatin which the 
on-board acquisition unit records information and/or the type 
of information being recorded can be remotely managed via 
commands wirelessly communicated from the user interface. 
The system is useful with a plethora of different devices, 
ranging from vehicles to industrial equipment to personal 
products. 
0044 Although the present invention has been described 
with reference to preferred embodiments, workers skilled in 
the art will recognize that changes can be made in form and 
detail without departing from the spirit and scope of the 
present invention. 

What is claimed is: 
1. A data acquisition system comprising:: 
a first sensor adapted to sense a first parameter and signal 

sensed information in a first format; 
a second sensor adapted to sense a second parameter and 

signal sensed information in a second format differing 
from the first format; and 
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an electronic data acquisition unit electronically coupled to 
the first and second sensors, the acquisition unit includ 
ing: 
a housing, 
a processor maintained by the housing, 
an aggregator module maintained by the housing and in 

electronic communication with the processor, the 
aggregator module programmed to correlate informa 
tion from the first sensor with information from the 
second sensor based on time, 

a communication device maintained by the housing and 
adapted to transmit information generated by the 
aggregator module to a location remote of the hous 
ing. 

2. The system of claim 1, wherein the first sensor is an 
analog sensor and the second sensor is selected from the 
group consisting of a digital sensor, a common area network 
bus, a UART serial bus, and a GPS sensor. 

3. The system of claim 1, wherein a sampling rate of the 
first format differs from a sampling rate of the second format. 

4. The system of claim3, wherein the sampling rate of the 
first format is faster than the sampling rate of the second 
format, and further wherein the aggregator module is pro 
grammed to: 

group information from the first sensor based upon a des 
ignated interval. 

5. The system of claim 4, wherein the designated interval 
corresponds with the sampling rate of the second format. 

6. The system of claim 5, wherein the aggregator module is 
further programmed to: 

assign a common time basis to the grouped information 
from the first sensor and the information from the second 
sensor for each interval. 

7. The system of claim 6, wherein the system includes a 
multiplicity of disparate sensors electronically coupled to the 
acquisition unit, and further wherein the aggregator module is 
programmed to assign the common time basis to respective 
groups of information from each of the sensors based upon a 
slowest sampling rate associated with the sensors. 

8. The system of claim 4, wherein the grouped information 
is a Summary of information signaled from the first sensor 
over the designated interval. 

9. The system of claim 8, wherein the information signaled 
from the first sensor over the designated interval includes a 
multiplicity of data points, and further wherein the Summary 
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of information includes a maximum data point, a minimum 
data point and an average of the multiplicity of data points. 

10. The system of claim 4, further comprising: 
a memory electronically coupled to the aggregator module 

for storing information generated by the aggregator 
module. 

11. The system of claim 10, further comprising an event 
module electronically coupled to the processor and the 
memory, the event module programmed to: 

detect occurrence of a predetermined event; and 
prompt the processor to store all information signaled from 

at least one of the sensors in the memory over an event 
window time period. 

12. The system of claim 11, wherein the predetermined 
event is defined by a user. 

13. The system of claim 11, wherein event module is pro 
grammed to designate occurrence of a predetermined event 
upon determining that information signaled from the first 
sensor is outside of threshold limits. 

14. The system of claim 13, wherein the event module is 
further programmed to determine the threshold limits based 
upon a trend analysis of the information from the first sensor. 

15. The system of claim 1, further comprising: 
a data server located remote of the data acquisition unit and 

including a receiver adapted to interface with the com 
munication device. 

16. The system of claim 15, wherein the receiver and the 
communication device are adapted to wirelessly interface. 

17. The system of claim 1, further comprising: 
a user interface located remote of the acquisition unit, the 

user interface adapted to interface with the communica 
tion device and to generate user-created commands 
relating to operation of the data acquisition unit. 

18. The system of claim 17, wherein the system is config 
ured such that a user can remotely program an acquisition unit 
operational parameter selected from the group consisting of 
sensor sampling rate, threshold limit, aggregation rate, and 
sensor configuration via the user interface unit. 

19. The system of claim 1, wherein the processor includes 
a personal computer operating system. 

20. The system of claim 1, wherein the acquisition unit is 
configured to be installed to a vehicle and at least the first 
sensor is provided with the vehicle. 
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