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(57) ABSTRACT 

The present invention provides systems and methods for 
testing and storage of information related to a component. A 
data collection device having a memory is ?xedly connected 
to the component. A test device communicates With the data 
collection device to store test data concerning the compo 
nent in the data collection device. The test device also 
performs analysis of the test data and provides information 
concerning the health and maintenance history of the com 
ponent. The present invention also provides systems and 
methods for determining the current draWn or supplied by 
electrical components connected in parallel in an electrical 
system. A current sensor located betWeen the electrical 
components determines the current supply or draW of one of 
the electrical components, While a current sensor betWeen 
the electrical components and the remainder of the electrical 
system determine a cumulative current draW or supply by 
both the electrical components. 
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SYSTEMS AND METHODS FOR MONITORING 
AND STORING PERFORMANCE AND 
MAINTENACE DATA RELATED TO AN 

ELECTRICAL COMPONENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application claims priority from US. 
Provisional Application Serial No. 60/310,716 entitled SYS 
TEMS AND METHODS FOR MONITORING AND 
STORING VEHICLE CHARGING SYSTEM DATA, ?led 
Aug. 7, 2001, the contents of Which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to test and diagnostic equip 
ment used to gather and store performance and maintenance 
data related to a component. 

[0004] 2. Description of Related Art. 

[0005] An important concern associated With the mainte 
nance of any vehicle is the status of the vehicle’s electrical 
system. As the battery and alternator of a vehicle are 
essential to the cranking and normal operation of the vehicle, 
it is important that they are properly and frequently tested to 
ensure that they are operating correctly. For this reason, 
many ?eet and vehicle and equipment rental companies 
perform routine testing and maintenance on both the batter 
ies and alternators of their vehicles. Although a regular 
maintenance schedule can aid in determining problems With 
the electrical systems, there are some problems With current 
maintenance practices. 

[0006] Speci?cally, although the ?eet and vehicle and 
equipment rental companies have for many years used test 
equipment to test the health of batteries, alternators, etc., 
most documentation concerning the test is in Written form 
and must be later transcribed into an electronic database. As 
such, there is added time associated With the maintenance 
procedure for data input, and also, the data is not readily 
available and suffers from possible user errors in entering the 
data. Further, the data is not directly linked to the battery or 
alternator. Instead, the user must determine the ID associated 
With the battery or alternator, and using the ID, accesses 
either Written notes or a database. Here again, there is time 
lost in maintenance and also the user may access the Wrong 
information for the battery or alternator. 

[0007] An additional concern With batteries and alterna 
tors is Warranty information. Many batteries returned to the 
manufacturer under Warranty are malfunctioning not due to 
manufacturing defects, but instead, due to misuse and/or 
improper maintenance or charging of the battery. Further, 
some Warranty claims may be dismissed as user misuse 
and/or improper maintenance and charging, When in reality 
there is an actual manufacturing problem With the battery or 
alternator. This problem could be eliminated if there Were 
convenient records of maintenance and also records kept 
concerning Whether the alternator or battery Was properly 
tested. 

[0008] An additional problem is many large vehicles, such 
as trucks, buses, etc. typically have more than one battery on 
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board to start the engine and provide the electrical require 
ments for the vehicle. For eXample, the typical over the road 
Class 8 tractor has three (3) to four (4) Group 31 batteries on 
board to meet the electrical requirements and demands. A 
noted problem is that all the batteries look alike, the good, 
bad and the marginal. 

[0009] Once a battery problem is noted, typically, the only 
Way to ?X the problem is to replace all of the batteries in the 
electrical system and test the batteries once removed from 
the vehicle in search for the bad and marginal batteries. This 
can be costly and time consuming. In addition, many of 
these conventional test methods individually test each bat 
tery, thereby requiring movement of the cables to each 
battery for testing. This again is time consuming and can 
damage the posts of the batteries. 

[0010] Another issue is that once a battery begins to 
malfunction, it can have a detrimental effect on the other 
batteries in the system causing them to possibly degrade and 
fail. As such, if a problem With a battery in a bank of 
batteries is not identi?ed in a timely manner, additionally 
batteries may be affected, thereby not only raising cost 
concerns but also raising environmental concerns associated 
With disposal of malfunctioning batteries. 

[0011] Further, because the batteries are removed for 
testing, the batteries are not tested during the normal opera 
tional environment. As temperature, electrical loads, etc. 
affect the characteristics of the battery or alternator, accurate 
diagnostics of the battery or alternator cannot be taken. 

[0012] In light of these concerns, the ability to analyZe and 
test each individual battery on the vehicle Without removing 
the battery cables Would be valuable to the Fleets, OEMs, 
and suppliers. Also, the ability to test and analyZe all the 
batteries during the vehicle’s normal operation, such as 
starting, charging at different temperature conditions Would 
alloW users to more accurately identify bad and marginal 
batteries. 

[0013] In broader terms, there are also concerns With 
general maintenance of vehicles. Currently, maintenance 
personnel must manually inspect maintenance parameters of 
the vehicle and record their ?ndings. Signi?cant time is 
spent accessing dip sticks for oil and transmission ?uid 
level, vieWing of coolant levels, removal of caps and other 
covers for measurement of the brake ?uid, etc, and assessing 
brake lines, brake slack adjustment, etc. Again, there may 
also be errors by maintenance personnel in reading and 
recording these parameters. 

BRIEF SUMMARY OF THE INVENTION 

[0014] The present invention provides systems and meth 
ods for testing and data storage of information related to 
systems associated With machinery and processes in general 
and of vehicles in particular. The present invention provides 
a data collection device having memory, Which is located on 
a component to be tested, such as a battery or alternator of 
a vehicle. The system further includes a test device that 
communicates With the data collection device to store test 
data concerning the component under test. The test device is 
also used to perform analysis of the current test data and of 
previous test data stored in the memory of the data collection 
device and provide information concerning the health of the 
component under test. This information can then be used to 
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determine the life expectancy of the component and predict 
possible impending failures. It may further be used in 
determining Whether Warranty claims Will be satis?ed on 
defective components. 

[0015] As an example, in one embodiment, the present 
invention provides a system that includes a data collection 
device that is either associated With and/or incorporated into 
a battery or alternator. The data collection device can be of 
any type including an RF-chip or a processor With an 
associated RF or Infrared transceiver. The data collection 
device has an associated memory for data storage. The 
system of this embodiment of the present invention further 
includes a test device, such as a tester or charger, for testing 
the component under test. Importantly, the test device is a 
polling device that includes electronics and an antenna for 
communicating With the data collection device associated 
With the component under test. 

[0016] During testing of the component, the test device of 
the present invention checks several parameters. For 
example, if the component is a battery, the test device checks 
the cold cranking amps, reserve charge level, state of charge 
of the battery, etc. Further, if the test device is a charger, the 
battery may be supplied a charge over a given time period. 
For alternators, the test device may measure the output 
voltage versus current, Waveform shape of the voltage 
output, temperature of the alternator, etc. For starter motors, 
the test device may measure the voltage output, Waveform 
shape, temperature, etc. US. Pat. Nos. 6,150,793 and 5,798, 
577 both to Lesesky et al., Which are oWned by the Assign 
ees of the present application, discloses various test proce 
dures for testing various electrical components on a vehicle. 
The contents of these tWo patents are incorporated herein by 
reference. 

[0017] Importantly, the test device of the present inven 
tion, after acquiring information concerning the component 
under test, transmits these parameters, along With the date 
and time of testing, to the data collection device associated 
With the component. This data in then stored in the memory 
associated With the data collection device as a maintenance 
record. Further, in some embodiments, the test device 
includes a keyboard or other devices that alloWs the user to 
add additional information concerning the maintenance of 
the battery or alternator. This information is also transmitted 
and stored in the memory of the data collection device. 
Additionally, in instances in Which a charger is used to 
charge a battery, information concerning the charging opera 
tion, such as level of charge provided and duration of charge, 
can also be transferred and stored in the memory of the data 
collection device. 

[0018] As discussed above, the memory of the data col 
lection device includes data logs concerning maintenance 
performed on the component to Which it is associated. In 
some advantageous embodiments, the memory of the data 
collection device includes information concerning mainte 
nance of the component throughout its lifetime. In this 
instance, the initial test of the component When manufac 
tured is stored as base line information. As such, subsequent 
data collected concerning the component may be stored in 
the memory of the data collection device and used in 
comparison to the original base line data to determine aging 
trends of the component. 

[0019] In some embodiments, the data collection device is 
an RF-chip such as an RF-tag. The RF-chip of the present 
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invention can be either an active or passive device. In 
instances in Which the RF-chip is a passive device, it 
receives its energy for operation from the signal transmitted 
by the test device. Speci?cally, in this embodiment, When 
the test device Wishes to either transmit data to or receive 
data from the RF-chip, it transmits a command or polling 
signal to the RF-chip. The RF-chip receives the command 
signal and uses the energy from the signal to operate the 
RF-chip. In some alternative embodiments, the RF-chip is 
an active element that is poWered by an energy source. For 
example, in embodiments in Which the RF-chip is connected 
to a battery of the vehicle, the RF-chip may be electrically 
connected to the posts of the battery for poWer. 

[0020] As mentioned above, the data collection device 
retains data logs of periodic tests performed on the compo 
nent to Which it is associated. This data can be communi 
cated to the test device Where it can be analyZed or it may 
be analyZed by a processor associated With the data collec 
tion device or a central computing system connected to the 
data collection device. This analysis typically involves com 
paring the data to base line tests performed When the 
component Was originally manufactured. This comparison 
may uncover trends overtime of the component’s behavior 
and provide predictions on When the component is likely to 
experience failure. The data may also be compared to aging 
algorithms and other statistical data that has been created to 
predict the life expectancy of the component. 

[0021] In addition to analyZing the data, the test device of 
the present invention may also store the data or transmit the 
data to other analysis or storage devices. For example, in one 
embodiment, the test device may transfer the data and 
analysis to a Web server, Where the data may be presented in 
a Web page format. As such, the data concerning the com 
ponent is made available to the various individuals con 
cerned With the maintenance of the component. 

[0022] As mentioned, in some embodiments, the data 
collection device is an RF-chip. In some advantageous 
embodiments, the system of the present invention may 
further include a processor connected to the RF-chip. The 
processor is in communication With the RF-chip for transfer 
and storage of information concerning the component. Fur 
ther, the processor may include test probes and associated 
test electronics for performing the various tests on the 
component itself. The processor stores the test information 
in the memory device associated With the RF-chip and may 
also analyZe the data. In this embodiment, the processor may 
not only test and store data relating to the component during 
routine maintenance schedules, but may actually perform 
periodic testing of the component during normal operation. 
In some embodiments, the processor may perform the tests 
on a continuous or periodic basis such that the health of the 
component is constantly analyZed. 

[0023] In some embodiments, the component under test 
may be just one component of a much larger system. For 
example, the component under test could be a battery or 
alternator on a vehicle. In this instance, in addition to 
performing test and storage of the data in the memory device 
of the RF-chip, the processor may also be connected to the 
remainder of the vehicles electrical system and provide the 
test information to the central computer of the vehicle. In 
this instance, health information concerning the battery or 
alternator is made available via instrumentation to the user 
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of the vehicle and for centralized data storage and analysis 
in the central computer. Further, known in the art are devices 
for transmitting data from a vehicle to a central computing 
facility, such as Qualcomm’s satellite-based communication 
system or Vehicle Enhancement System’s VESPLEXTM 
technology. The data collected by the processor may be 
transmitted by these systems to a central computing facility 
Where the data is made available to those interested in the 
maintenance of the battery or alternator. 

[0024] The system of the present invention also provides 
an embodiment for performing continuous or periodic mea 
surement of the component using a passive RF-chip and 
processor. Speci?cally, in this embodiment, the polling 
electronics for communicating and supplying poWer to oper 
ate the passive RF-chip are located in close proximity to the 
RF-chip and processor. For example, in the case Where the 
component is a battery, the polling electronics could be 
located in the battery cover. In this embodiment, the elec 
tronics periodically poles the RF-chip, and the RF-chip and 
processor use the energy from the polling signal to perform 
tests and data storage. 

[0025] As mentioned above, the data collection device is 
typically connected to or incorporated into the component 
under test. In some embodiments, it is advantageous that the 
data collection device is connected to the external portion of 
the component, such that it can be applied to the component 
after manufacture Without requiring the manufacturer to 
recon?gure their designs. Further, an external data collection 
device can be placed on existing components as an easy 
retro?t. 

[0026] Although advantageous, placement of the data col 
lection device and other electronics on the external portion 
of the component under test subjects the data collection 
device and electronics to several environmental factors that 
could damage them. For this reason, in one embodiment, the 
data collection device and associated electronics are sur 
rounded or encased in a rugged housing to protect them from 
damage. For example, in one embodiment, the data collec 
tion device and associated electronics are surrounded or 
encased in plastic having an adhesive applied to one surface 
of the encasement for connection to the component under 
surveillance. 

[0027] In addition to ensuring that the data collection 
device and electronics are not exposed to environmental 
elements, it is also important to ensure that the data collec 
tion device and electronics housed in the encasement are not 
accidentally dislodged from the component. As such, in one 
embodiment of the present invention, the data collection 
device and associated electronics may be surrounded or 
encased in plastic formed into a circular disc, sometimes 
referred to as a “poker chip” con?guration. This form of 
encasement is advantageous, as the encasement does not 
have corners that may be snagged by debris and other items 
that may dislodge the encasement from the outer surface of 
the battery or alternator. 

[0028] The present invention also provides systems and 
methods for performing other general maintenance proce 
dures on a system containing several different components 
requiring surveillance. For example, if the system is a 
vehicle, the present invention may include various sensors 
located throughout the vehicle to measure operating param 
eters of the vehicle. For example, the system may include 
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measurement devices associated With the crankcase, master 
cylinder, radiator, and transmission to measure ?uid levels. 
It may also include sensors for measuring the temperature of 
various components on the vehicle. Further, sensors may be 
used to assess brake lines, brake stroke, brake slack adjust 
ment etc. Associated With each sensor is a data collection 
device such as an RF-chip for communication and storage of 
the outputs of the sensor. To acquire data, the system of this 
embodiment further includes a test device either held by a 
user or located on the vehicle. The test device polls each of 
the RF-chips associated With the various sensors and 
retrieves readings from the sensors, such that data is made 
available for vieWing and analysis. As such, in this embodi 
ment, the maintenance personnel are not required to physi 
cally perform the measurements, but instead, merely poll the 
various RF-chips. Alternatively, here again, the polling 
device may be resident on the vehicle to take continuous or 
periodic measurements. Further, the data may be provided to 
the central computer of the vehicle and/or transmitted to a 
central computing station. 

[0029] As mentioned above, some systems may have 
linked components used in conjunction With each other in 
the system. For example, a heavy-duty vehicle may include 
a plurality of batteries linked to one another for providing 
electrical poWer to the vehicle. In these systems, it is 
advantageous to perform diagnostic tests on each of the 
individual batteries to determine Which batteries are func 
tioning properly and Which require replacement. In this 
embodiment of the present invention, the system includes a 
data collection device associated With each of the batteries. 
Each data collection device stores test and maintenance data 
for the battery With Which it is associated, thereby providing 
an individual data log for the battery. In some embodiments, 
the data collection device is an RF-chip device that operates 
in conjunction With a test device that performs tests and 
maintenance on the battery and then transmits this informa 
tion to the RF-chip, Where it is logged and may be later 
retrieved. 

[0030] In other embodiments, the data collection device 
may be an integrated system that includes both a test device 
and memory device packaged into one system for both 
performing test and maintenance on the battery and logging 
the data. For example, the data collection device may 
include a current, sensor such as a Hall effect sensor that 
senses current output of the battery. This data is then stored 
in the memory device, Where it is logged and can be later 
retrieved by a local processor or other device for processing. 
In this Way, each of the batteries can be individually tested 
and evaluated to determine Which of the batteries is mal 
functioning. The data collection devices of these embodi 
ments may operate in a continuous or periodic manner so as 
to collect data on the battery during its normal operation. 

[0031] The present invention also provides systems and 
methods for monitoring electrical components of an electri 
cal system having at least ?rst and second electrical com 
ponents connected in parallel by a ?rst conductor that 
connects terminals of the ?rst and second electrical compo 
nents together and a second conductor connecting a terminal 
of the ?rst electrical component to a remainder of the 
electrical system. The system of this embodiment includes a 
?rst current sensing device connected betWeen the ?rst 
electrical component and the remainder of the electrical 
system and a second current sensing device connected 
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between the ?rst and second electrical components. In this 
con?guration, When current ?oWs from the remainder of the 
electrical system to the ?rst and second electrical compo 
nents, current sensed by the second current sensing device is 
equal to the current draWn by the second electrical compo 
nent and current sensed by the ?rst current sensing device 
equals the current draWn by both the ?rst and second 
electrical components. Further, When current ?oWs from ?rst 
and second electrical components to the remainder of the 
electrical system, current sensed by the second current 
sensing device is equal to the current supplied by the second 
electrical component and current sensed by the ?rst current 
sensing device equals the current supplied by both the ?rst 
and second electrical components. 

[0032] The system of this embodiment of the present 
invention may further include a processor connected to the 
?rst and second current sensors. The processor determines 
the current draWn and supplied by the ?rst electrical com 
ponent by subtracting the current sensed by tje second 
current sensor from the current sensed by the ?rst current 
sensor. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

[0033] Having thus described the invention in general 
terms, reference Will noW be made to the accompanying 
draWings, Which are not necessarily draWn to scale, and 
Wherein: 

[0034] FIG. 1 depicts a system according to one embodi 
ment of the present invention for testing and storing data 
related to a battery. 

[0035] FIG. 2 illustrates encasement of the system of the 
present invention in a housing for environmental protection 
and attachment to an associated component according to one 
embodiment of the present invention. 

[0036] FIG. 3 depicts a system similar to that of FIG. 1 
further including a processor for performing test and ana 
lyZing data according to one embodiment of the present 
invention. 

[0037] FIGS. 4A and 4B illustrate alternative embodi 
ments for testing and determining Which of a number of 
components in a bank of components may be malfunction 
ing. 
[0038] FIG. 5 illustrates a visual indicator according to 
one embodiment of the present invention for indicating a 
malfunction of a component to a user. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] The present inventions noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which some, but not all embodiments of the inven 
tion are shoWn. Indeed, these inventions may be embodied 
in many different forms and should not be construed as 
limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure Will satisfy 
applicable legal requirements. Like numbers refer to like 
elements throughout. 

[0040] As mentioned above and provided in more detail 
beloW, the present invention provides systems and methods 
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for collecting, logging, and analyZing test and maintenance 
data for a component. Importantly, the systems and methods 
of the present invention include a data collection device that 
is associated and/or connected to the component. Each time 
the component is tested or maintenance is performed 
thereon, the data concerning the tests and maintenance is 
stored in the data collection device. As such, the data 
collection device of the present invention creates an archival 
record concerning the component, Which can be doWnloaded 
for observation and analysis to assess the health and per 
formance of the component. The data may be analyZed by a 
remote unit or a local processor. 

[0041] In the embodiments described beloW, the compo 
nent is described as either an alternator or battery of a 
vehicle. This discussion should not limit the scope of 
components With Which the systems and methods of the 
present invention may be used. It is understood that the 
systems and methods may be used With any type of com 
ponent that requires testing and maintenance. The compo 
nents can be sensors, actuators, motors, etc. 

[0042] In general, the systems and methods of the present 
invention may assume several different forms depending on 
the application. For eXample, in some embodiments, the data 
collection device of the present invention may be a storage 
device With an associated transceiver and the test device 
may be a hand held unit that tests and performs maintenance 
on a component, and then transmits test and maintenance 
data to the data collection device for storage. In some 
embodiments, the test device may be a unit that is perma 
nently or semi-permanently located in close proximity to the 
component Where it continuously or periodically tests and 
performs maintenance on the component and stores the data 
in the data collection device. In further embodiments, the 
system is integrated such that the data collection device 
includes both a test device for performing tests and main 
tenance on the component and a storage device for storing 
test and maintenance data. The integrated data collection 
system of this embodiment includes a transceiver for trans 
mission of the data to remote computing systems. Further, 
the data collection system of this embodiment may further 
include a processor for analyZing the collected test and 
maintenance data. 

[0043] An important aspect of the present invention is that 
data related to the test and maintenance of a component is 
stored on a data collection device associated With the 
component. In many instances the data collection device is 
?Xedly connected to the component. This alloWs for ready 
access of information related to the history of the component 
by merely polling the data collection device associated With 
the component for archival data. As such, the entire history 
of a component can be accessed at any time for determina 
tions of the health and aging of the component. 

[0044] FIG. 1 is an illustration of one embodiment of the 
systems and methods of the present invention. This ?gure 
illustrates use of the systems and methods With a battery as 
a component. It is understood that the battery is just used as 
an eXample and could be replaced by any other component 
under test. As illustrated, the system 10 of this embodiment 
includes a data collection device 12 physically connected to 
a battery 14. Electrically connected to the battery is a test 
device 16, such as a tester or charger. Resident in the test 
device is a transceiver and electronics, not shoWn, for 
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communication With the data collection device 12. The data 
collection device also includes an antenna 18 and electronics 
20 for communicating With the test device. Further and 
importantly, the data collection device also includes memory 
22 for storing information provided to the data collection 
device by the test device via communication link 15. The 
data collection device, in some embodiments, may also 
include an internal clock for providing time and date stamps 
for the logged information. 

[0045] In operation, the test device performs testing on the 
battery to determine parameters related to the health of the 
battery. Further, in some embodiments, the test device may 
also apply a charge to the battery for a duration of time. The 
testing parameters may include the cold cranking amps, 
reserve charge level, state of charge of the battery, etc. After 
the test device has received the data, the test device then 
transfers the data via the transceiver electronics to the data 
collection device. The data collection device receives the 
data and stores the data in the associated memory. The data 
is stored in the form of a data log along With the time and 
date indicating When the tests Were performed. Alternatively, 
the test device may provide the time and date stamp along 
With the data to the data collection device. In addition to the 
test data and the time and date stamp, the test device may 
also transmit additional information for storage in the data 
collection device, such as the ?eet name, vehicle number, 
any comments made by the technician When performing the 
test, the amount and duration of charge applied to the battery 
during charging, etc. 

[0046] Importantly, over time, the data collection device 
of the present invention Will include a series of data entries 
chronicling the data from the various tests and maintenance 
procedures ran on the battery over its lifetime. As such, there 
is a convenient history of the battery’s performance associ 
ated With the battery in electronic form. 

[0047] In addition to performing tests on the battery, the 
test device may also analyZe the battery’s health to predict 
possible failures and possible life expectancy. Speci?cally, 
as mentioned, the memory associated With the data collec 
tion device includes test results for previous tests performed 
on the battery, and in some instances, includes base line test 
data taken and stored at the time the battery Was originally 
manufactured. By doWnloading and analyZing this data in 
light of the current test results, the test device of the present 
invention can compare the various test results over time. 
This comparison may uncover trends of the battery’s behav 
ior and provide predictions on When the battery is likely to 
experience failure. The data may also be compared to aging 
algorithms and other statistical data that has been created to 
predict the life expectancy of the battery. In this regard, US. 
Pat. Nos. 6,150,793 and 5,798,577 both to Lesesky et al., 
Which are oWned by the Assignees of the present application, 
discloses various test procedures for testing various electri 
cal components on a vehicle. The contents of these tWo 
patents are incorporated herein by reference. 

[0048] In FIG. 1, the system of the present invention is 
illustrated in conjunction With a battery. It is understood, 
hoWever, that the present invention is also contemplated for 
use With alternators, starter motors, and may also be used 
With many different systems on a vehicle to collect and store 
data concerning the systems. 
[0049] As illustrated in FIG. 1, the data collection device 
of the present invention is typically ?xedly connected to the 
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external surface of the component. It must be understood 
that the data collection device could be instead incorporated 
in the housing of the component. HoWever, it is typically 
attached to the outside of the component so that manufac 
turers do not have to redesign the component to accommo 
date the data collection device and so that existing compo 
nents in the ?eld can be easily upgraded With this 
technology. 
[0050] As the data collection device and any electronics 
associated thereWith are typically attached to the outside of 
the component, they may be subjected to damage from 
environmental elements. Further, the data collection device 
and associated electronics may also become detached from 
the component due to handling, packaging, installing, etc. In 
light of this, in one embodiment, the data collection and 
associated electronics of the present invention are sur 
rounded or encased in a durable, rugged material such as 
plastic. Speci?cally, With reference to FIG. 2, the data 
collection device 12 and other associated electronics, (such 
as an associated processor), are surrounded or encased in a 

durable material 24 such as plastic, epoxy, rubber, or other 
similar material. The encasement shields the data collection 
device and associated electronics from environmental ele 
ments that could disrupt the operation or damage the data 
collection device and electronics. To connect the encased 
data collection device to the component, the encasement 24 
may further include an adhesive material 26 applied to one 
surface of the encasement. The adhesive material has req 
uisite strength to bond the encasement to the component, 
hoWever, the strength of the adhesive is typically chosen 
such that the encasement may be removed, if necessary. In 
an alternative embodiment, a laminate may be placed over 
the encasement and a portion of the surface of the compo 
nent to thereby adhere the encasement to the component. 
Other methods of attaching the data collection device to the 
component are contemplated by the invention such as 
mechanical fasteners, pouches, etc. 

[0051] In addition to ensuring that the data collection 
device and electronics are not exposed to environmental 
elements, it is also important to ensure that the data collec 
tion device and electronics housed in the encasement are not 
accidentally dislodged from the component. As such, in one 
embodiment of the present invention, the encasement is 
formed into a circular disc, sometimes referred to as a 
“poker chip” con?guration. The circular disc is cylindrical in 
shape With a body extending betWeen exposed circular ends. 
The disc has a relatively short body such that it is loW pro?le 
When adhered to the component. As illustrated in FIG. 2, it 
has the appearance of a poker chip. This form of encasement 
is advantageous, as the encasement does not have corners 
that may be snagged by debris and other items that may 
dislodge the encasement from the outer surface of the 
component. 

[0052] As discussed above, the data collection device is 
associated With the component and communicates With the 
test device. The data collection device may have many 
con?gurations. For example, it could be composed of pro 
cessor, storage device, and transceiver, Where the transceiver 
communicates With test device for receiving and transmit 
ting archival data, While the processor either controls the 
storage device to either store data or retrieves data from the 
storage device for transmission to the test device. In some 
instances, the data collection device is a RF-chip, sometimes 
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referred to in the industry as an RF-tag. Depending on the 
embodiment, the RF-chip of the present invention can be 
either an active or passive device. In instances in Which the 
RF-chip is a passive device, it receives its energy for 
operation from the signal transmitted by the test device as 
knoWn to those skilled in the art. Speci?cally, in this 
embodiment, When the test device Wishes to either transmit 
data to or receive data from the RF-chip, it transmits a 
command signal to the RF-chip. The RF-chip receives the 
command signal and uses the energy from the signal to 
operate the RF-chip. 

[0053] Alternatively, in some embodiments, the RF-chip 
is an active element that is poWered by an energy source 
connected to the RF-chip. The energy source may be an 
associated battery pack. HoWever, in some embodiments, in 
Which the RF-chip is connected to a battery of a vehicle, the 
RF-chip may be electrically connected to the posts of the 
battery for poWer, as opposed to having its oWn associated 
battery pack. 
[0054] As illustrated in FIG. 1, a test device 16 is used to 
test the component and to poll the data collection device to 
receive and store data concerning the component. As a 
general matter, the test device is of any type suitable for 
performing tests on the component. For eXample, Where the 
component is a battery, the test device is a battery tester 
and/or charger for testing the current and voltage of the 
battery. The test data is collected and assembled into a data 
?le. The test device may add a time and date stamp indi 
cating When the data Was taken or this may be added by the 
data collection device. The data is then transmitted to the 
data collection device Where it is stored for later retrieval. 

[0055] Although FIG. 1 illustrates the test device as a 
hand held unit, it must be understood that the test device may 
take many forms. For eXample, With reference to FIG. 3, in 
one embodiment of the present invention, the test device and 
data collection device are integrated. Speci?cally, in this 
embodiment, the data collection device further includes a 
processor 28 that is in electrical communication With the 
antenna 18, electronics 20, and memory 24 of the data 
collection device. The processor includes various test probes 
30 and electronics for connection to the component. In 
instances, in Which the system is connected to battery, the 
processor may also include a voltage input 32 connected to 
the vehicle battery for poWer input. 

[0056] During operation, the processor, using the test 
probes and electronics, performs the various tests on the 
battery or alternator and communicates this data to the 
memory device 24 Where it is stored. In addition to per 
forming the test, the processor may also include softWare for 
performing analysis of the readings and comparisons of the 
current readings With the historical data. Information con 
cerning this analysis may also be stored into memory. 
Importantly, because the processor is associated With the 
component at all times, it can perform testing of the com 
ponent on a continuous or periodic basis, if desired. As such, 
the health of the component can be constantly analyZed and 
any problems With the component can be determined at an 
early stage. 

[0057] In some instances, the component to Which the data 
collection device of the present invention is associated may 
be part of an overall system that includes a plurality of 
components. For example, a battery or alternator may be 
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placed in a vehicle having a Wide variety of other compo 
nents and a central computing system. In this instance, in 
addition to performing test and storage of the data, the 
processor may also be connected to the remainder of the 
vehicles electrical system and provide the test information to 
the central computer of the vehicle. Health information 
concerning the battery or alternator is made available via 
instrumentation to the user of the vehicle and for centraliZed 
data storage and analysis in the central computer. Further, 
knoWn in the art are devices for transmitting data from a 
vehicle to a central computing facility, such as Qualcomm’s 
satellite-based communication system or Vehicle Enhance 
ment System’s VESPLEXTM technology. The data collected 
by the processor may be transmitted by these systems to a 
central computing facility Where the data is made available 
to those interested in the maintenance of the battery or 
alternator. Further, as in FIG. 1, the data may be accessed by 
a hand held test device When the battery or alternator is later 
analyZed during maintenance of the vehicle. Additionally, 
the data may be provided to a Web-server in the form of a 
Web page for use on either the Internet or a company’s 
intranet site. 

[0058] FIG. 1 illustrates an embodiment Where the data 
collection device is located on the component and a hand 
held device is used to test and perform maintenance on the 
component and transmit the test data to the data collection 
device for archival. In typical embodiments, the data col 
lection device is an RF-tag either containing or associated 
With a memory 24. Data collected by the test device is 
transmitted along With a polling signal and a command to 
Write data to the RF-tag. The RF-tag receives the polling 
signal, the Write command, and the data, and uses the polling 
signal as poWer for Writing the data into memory for 
archival. To retrieve data, the test device sends a polling 
signal along With a command to read data to the RF-tag. The 
RF-tag uses the polling signal as poWer for reading the 
requested data from memory and transmitting it to the test 
device. (Note that if the RF-tag is active, the polling signal 
is not required for poWering the RF-tag). 

[0059] FIG. 3 illustrates an embodiment Where the data 
collection device is located on the component and includes 
a processor and sensors for collecting data, as opposed to the 
independent hand held device of FIG. 1. As illustrated, the 
data collection device of FIG. 3 includes a processor 28, 
antenna (transceiver) 18, electronics 22 and memory 24. 
These can be discrete parts or an integrated circuit. Further, 
there are currently knoWn RF-tags that include memory and 
inputs for receiving data from sensors. These RF-tags also 
include memory for data storage. In this instance, the RF-tag 
Would have inputs connected to sensors and probes for 
received data about the component. When the RF-tag is 
polled by a remote test device, the RF-tag receives data from 
the inputs connected to the sensors and stores the data in the 
memory of the RF-tag. The remote device can then later poll 
the RF-tag to retrieve the data logs stored for each test of the 
component. 

[0060] As an alternative to the embodiments of FIGS. 1 
and 3, the systems and methods of the present invention 
may inlcude various data collection devices 12 connected to 
various components 14 in a system. Each of the data 
collection devices is situated to store archival data concern 
ing test and maintenance data associated With the component 
to Which it is associated. Importantly, the system of this 
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embodiment further includes a centralized test device. The 
centralized test device is located proximate to the data 
collection devices and controls their operation. The system 
of this embodiment is used to test and maintain all of the 
components on the system. In one embodiment, the central 
iZed test device is similar to the hand held device of FIG. 1, 
in that it performs test and maintenance procedures on each 
of the components and transmits the test and maintenance 
data to the data collection device associated With the com 
ponent for archival. In this instance, the centraliZed proces 
sor performs the tests and the data collection devices are 
archival storage units. 

[0061] In an alternative embodiment, the system is more 
like that of FIG. 3 in that the data collection devices each 
include processors 28, antennas 18, electronics 22, and 
memory 24. The processor includes inputs for connection to 
sensors and probes that sense data related to component. In 
this embodiment, instead of the centraliZed processor per 
forming that actual test and maintenance on the components, 
the centraliZed processor instead directs each of the data 
collection devices to collect data from the sensors and 
probes associated With each data collection device. The data 
collection devices collect the data and store it in their 
associated memories. The data may also be transmitted to 
the centraliZed processor for analysis or transmission to a 
central computing facility Where the data is made available 
to those interested in the maintenance of the component. As 
discussed previously the data may be transmitted from the 
centraliZed processor to the central computing system using 
any means of communication including Qualcomm’s satel 
lite-based communication system or Vehicle Enhancement 
System’s VESPLEXTM technology. 

[0062] In the above embodiments, the system of the 
present typically uses an RF-chip attached to the battery or 
alternator for data storage, hoWever, it must be understood 
that other technology can be used in place of the RF-chip. 
For example, in one embodiment, a device knoWn in the 
industry as an iButton® could replace the RF-chip. iButtons 
are devices manufactured and marketed by Dallas Semicon 
ductor Corp. An iButton® is a computer chip that is encased 
in stainless steel. The computer chip contains memory for 
data storage. Information is transferred betWeen an iButton 
and a test device With a momentary contact of a specialiZed 
Wand. The Wand transfers information to and from the 
iButton. More information concerning the iButton is avail 
able at the folloWing Web site: http://WWW.ibutton.com/ 
ibuttons/index.html. 

[0063] In an alternative embodiment, the RF-chip can be 
replaced With a processor, memory device, and IR trans 
ceiver. In this embodiment, the test device further includes 
a transceiver for communicating information via IR betWeen 
the test device and the processor for retrieval and storage of 
information in the memory device. 

[0064] Further, the RF-chip can be replaced With a pro 
cessor, memory device, and RF transceiver. In this embodi 
ment, communications betWeen the processor and memory 
and the test device are performed using a modulated RF 
signal such as FSK, PWM, or even BLUETOOTH technol 
ogy. 

[0065] The above embodiments illustrate the use of RF 
chips and other similar devices for testing batteries and 
alternators, hoWever, it must be understood that these con 
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cepts can be expanded to other electrical and mechanical 
equipment on the vehicle. For example, various sensors may 
be placed on the vehicle to sense information such as ?uid 
levels, temperatures, etc. Connected to the sensors are 
RF-chips and possibly storage devices. In operation, a test 
device is used to poll the various RF-chips. Information 
from the sensors is then provided to the test device via 
communication With the RF-chip. In addition, the informa 
tion may also be stored in the memory associated With the 
RF-chip. As in some of the embodiments discussed above, 
a processor may also be included With the RF-chip to poll 
the sensors on a continuous or periodic basis. Further, this 
test information may be stored in the memory associated 
With the RF-chip. 

[0066] As such, information concerning the various com 
ponents of a vehicle can be provided Without requiring a 
technician to physically access the various components. 
Instead, the technician can merely communicate With the 
various RF-chips using the test device. 

[0067] In summary, the present invention provides sys 
tems and methods for testing and data storage of information 
related to the electrical system of a vehicle. The present 
invention provides a data collection device having a memory 
located on the component to be tested, such as a battery or 
alternator. The system further includes a test device that 
communicates With the data collection device to store test 
data concerning the component of the vehicle. The test 
device is also used to perform analysis of the current test 
data and of previous test data stored in the memory of the 
data collection device and provide information concerning 
the health of the component. This information can then be 
used to determine the life expectancy of the component. It 
may further be used in determining Whether Warranty claims 
Will be satis?ed on defective components. 

[0068] In addition to the various embodiments illustrated 
above, the present invention also provides systems and 
methods for testing and determining Which of a number of 
components in a bank of components may be malfunction 
ing. For example, as depicted in FIGS. 4A and 4B, a typical 
heavy-duty vehicle includes a plurality of batteries 40-1 thru 
40-4 connected in parallel for providing electrical poWer for 
different electrical systems of the truck. The positive termi 
nals for each battery are connected together by a conductor 
42 and the negative terminals for each battery are connected 
together by a conductor 44. Importantly, the current pro 
vided by the batteries is cumulative. Speci?cally, the cur 
rents sensed at positions A-D provided respectively by the 
batteries 40-1 thru 40-4 creates a cumulative output current 
T=A+B+C+D. By looking at the cumulative current T it is 
not possible to tell Which if any of the batteries may be 
malfunctioning. As a general matter, if all of the batteries are 
operating properly, the current draW from each battery 
during charging and the current supplied by each battery 
during use should to be the same for each battery Within 
reasonable tolerance. For example, during charging, each 
battery should draW relatively the same amount of current 
and likeWise, When the batteries are in use, each battery 
should provide the same amount of current. The present 
invention evaluates the individual current draW and output 
of the batteries during different load conditions and from this 
evaluation determines Which, if any, of the batteries are 
malfunctioning. It must be understood that although the 
description is discussed in terms of battery performance, that 
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many other electrical components connected in a similar 
manner may be evaluated using the methods and techniques 
discussed beloW. 

[0069] In particular, as shoWn in FIG. 4A, the systems and 
methods of the present invention include individual current 
sensors 46-1 thru 46-4 connected betWeen each of the 
batteries 40-1 thru 40-4. The sensors are in communication 
With a processor 48 via direct connection or via a Wireless 
connection. The sensors sense the current at each terminal of 
the battery and provide a current reading. By evaluating the 
current readings provided by each sensor, the systems and 
methods of the present invention can determine Which, if 
any, of the batteries may be malfunctioning. 

[0070] For eXample, When the vehicle is running, the 
batteries are typically charged by an alternator. In this 
instance, each of the batteries is draWing a certain amount of 
current. If one of the batteries appears to be draWing more 
current than the other batteries, this is an indication that the 
battery is bad or malfunctioning. For eXample, in FIG. 4A, 
When the batteries are charging, current ?oWs from left to 
right, (i.e., in the direction from battery 40-1 to 40-4). In this 
instance, the current sensed by the sensor 46-4 Will represent 
the current draW by the battery 40-4. Further, the current 
sensed by the sensor 46-3 Will represent the current draW by 
both batteries 40-3 and 40-4. Similarly, the current sensed by 
the sensor 46-2 represents the current draW by batteries 40-2 
thru 40-4, and current sensed by the sensor 46-1 represents 
the current draW by batteries 40-1 thru 40-4. In light of this, 
the current draW by each battery can be determined by 
deduction. 

[0071] For eXample, in this instance, if sensor 46-4 senses 
5 amps, then it is knoWn that battery 40-4 is draWing 5 amps. 
Further, if sensor 46-3 senses 10 amps and sensor 46-4 is 
sensing 5 amps, then battery 40-3 is draWing 5 amps. 
Additionally, if sensor 46-2 senses 15 amps and sensor 46-1 
senses 20 amps, then batteries 40-2 and 40-1 are also 
draWing 5 amps. In this eXample, each of the batteries is 
draWing the same amount of current, so it is deduced that all 
of the batteries are properly functioning. HoWever, if it Was 
determined that one or more of the batteries Was draWing 
more or less current outside a tolerance range from that of 
the other batteries, then it can be deduced that one or more 
batteries are malfunctioning. For eXample, if batteries 40-1 
thru 40-3 each draW 5 amps, but battery 40-4 only draWs 2 
amps, this Would be an indication that battery 40-4 may be 
malfunctioning. 

[0072] Similar measurements can be performed When the 
batteries are in use. Speci?cally, When the engine of the 
vehicle is off, the alternator is no longer charging the 
batteries. Instead, the batteries are noW supplying poWer to 
the electrical systems of the vehicle. In this instance current 
?oWs from right to left in FIGS. 4A and 4B. In this instance, 
if sensor 46-1 indicates 20 amps and sensor 46-2 indicates 
15 amps, then battery 40-1 is providing 5 amps. Further, if 
sensor 46-3 indicates 10 amps, the battery 40-2 is supplying 
5 amps, and so on for batteries 40-3 and 40-4. Here again, 
if one of the batteries appears to be supplying less current 
than the other batteries, there is likely a problem With one or 
more of the batteries. 

[0073] Importantly, by evaluating the current draWn by 
each battery during charging or supplied during use, the 
systems and methods of the present invention can detect 
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Whether a battery in the system is malfunctioning. The above 
eXamples are only illustrative embodiments. A malfunction 
ing battery may have different affects on the current draW 
and supply of the system. For eXample, if battery 40-3 is 
malfunctioning, it may not only draW current from the 
alternator When charging, but it may also draW current from 
battery 40-4. In this instance, it may appear that battery 40-4 
When in reality then less measured current of battery 40-4 is 
due to the added current draW from battery 40-3. To rule out 
battery 40-4, direction of current ?oW from the sensor 46-4 
Would need to be evaluated. If the current is ?oWing in the 
opposite direction than it should, then battery 40-3 may be 
draWing current from battery 40-4. Other similar scenarios 
are understood that Would require evaluation of current 
direction and current magnitude to determine Which batter 
ies are malfunctioning. 

[0074] FIG. 4A is an illustration of the system of the 
present invention in Which Hall effect or magneto resistive 
type sensors are used. These sensors operate by detection of 
the magnetic ?eld generated by the current ?oWing through 
conductors. FIG. 4B illustrates an alternative embodiment 
in Which current is determined by voltage measurement. In 
this embodiment, lead Wires 50 are connected to the termi 
nals of the batteries and voltage difference is measured. This 
voltage difference is caused by the knoWn resistance of the 
conductors betWeen the tWo battery terminals. Since the 
resistance is knoWn and the voltage is measured, the current 
through the conductors connecting the terminals of batteries 
can be determined. These currents, once determined, can be 
used in a similar evaluation manner as previously discussed 
above. 

[0075] In FIGS. 4A and 4B, the currents are measured 
using the positive terminal connections of the batteries. It is 
understood that either the positive or the negative terminals 
can be used. Speci?cally, current Will be ?oWing in a similar 
manner through the negative terminals as it Will in the 
positive terminals. Use of the negative terminals does not 
provide signi?cant bene?ts Where Hall effect or magneto 
resistive type sensors are used, because these sensors mea 
sure the magnetic ?uX and not the current directly. HoWever, 
use of the negative terminals does provide some bene?t 
When, as shoWn in FIG. 4B, voltage drops across the 
conductors is measured. Speci?cally, in instances in Which 
the positive terminals are used, a fuse 52 is required for each 
lead Wire to guard against short circuits. The small gauge 
sensing Wire requires positive temperature coef?cient PCT 
or a similar fuse device. HoWever, When the sensing lead 
Wires of FIG. 4B are connected to the negative terminals of 
the battery, a fuse is not typically required. 

[0076] FIG. 5 is an illustrative embodiment of a display 
that can be provided to a user of the system and method of 
this embodiment. The display provides a visual indication 
concerning the health of each of the batteries and can 
provide visual or aural alerts When a battery is indicated as 
malfunctioning. 

[0077] The systems and methods of this embodiment of 
the present invention provide for testing and data storage of 
information related to the electrical system of the vehicle 
directed to the batteries and indirect analysis of the starting 
circuit, charging circuit, and all other electrical devices on 
the vehicle. This systems and methods of this embodiment 
provide the ability to analyZe each battery and the total 
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system by the use of either a Hall effect sensor, magneto 
resistive type sensor or voltage drop measurements doWn 
stream to each battery. The ability to store, analyZe and 
compare the current data during starting, charging and other 
load conditions With all the batteries at the same temperature 
alloW the systems and methods of the present invention to 
distinguish good, bad and marginal batteries. Storing the 
data, broadcasting this data on SAE J1708/1587 or SAE 
J 1939 alloW typical diagnostics for the trucking industry. 
Also, storage of this data in separate RF device, located at 
each Hall Effect Sensor “Poker Chip” or a single “Poker 
Chip” located at the microprocessor as discussed in earlier 
embodiments above are an alternate method for communi 
cation to a hand held or roadside reader. 

[0078] Many modi?cations and other embodiments of the 
inventions set forth herein Will come to mind to one skilled 
in the art to Which these inventions pertain having the bene?t 
of the teachings presented in the foregoing descriptions and 
the associated draWings. Therefore, it is to be understood 
that the inventions are not to be limited to the speci?c 
embodiments disclosed and that modi?cations and other 
embodiments are intended to be included Within the scope of 
the appended claims. Although speci?c terms are employed 
herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

That Which is claimed: 
1. A system for testing and data storage of information 

related to at least one component of an electrical system, 
said system comprising: 

a data collection device ?Xedly connected to the electrical 
component, Wherein said data collection device 
includes a memory; and 

a test device capable of performing at least a test operation 
on the electric component, Wherein said test device 
stores information concerning the test operation in the 
memory of said data collection device, such that infor 
mation concerning the test operation are resident With 
the electrical component. 

2. A system according to claim 1, Wherein said electrical 
component is a battery. 

3. A system according to claim 1, Wherein said electrical 
component is an alternator. 

4. A system according to claim 1, Wherein said test device 
is a tester. 

5. A system according to claim 1, Wherein said test device 
is a charger. 

6. A system according to claim 1, Wherein both said data 
collection device and test device further include a trans 
ceiver for communicating information betWeen said collec 
tion and test devices. 

7. A system according to claim 6, Wherein said transceiv 
ers are RF transceivers. 

8. A system according to claim 6, Wherein said transceiv 
ers are IR transceivers. 

9. A system according to claim 1, Wherein said electrical 
component is a battery and Wherein said test device tests a 
parameter of the electrical component selected from the 
group consisting of cold cranking amps, reserve charge 
level, and state of charge. 

10. Asystem according to claim 1, Wherein said electrical 
component is an alternator and Wherein said test device tests 
a parameter of the electrical component selected from the 
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group consisting of output voltage versus current, Waveform 
shape of the voltage output, and temperature of the alterna 
tor. 

11. A system according to claim 1, Wherein said data 
collection device is an RF-chip. 

12. A system according to claim 1, Wherein said data 
collection device is encased in a housing for protecting said 
data collection device. 

13. A system according to claim 1, Wherein said data 
collection device is encased in a housing having an adhesive 
surface connecting said data collection device to the elec 
trical component. 

14. Asystem according to claim 12, Wherein said housing 
is positioned on a surface of the electrical component and a 
lamination is applied over the housing and at least a portion 
of the surface of the electrical component to thereby secure 
said housing to said electrical component. 

15. Asystem according to claim 12, Wherein said housing 
is cylindrical in shape de?ned by a body extending betWeen 
circular ends. 

16. A system for testing and data storage of information 
related to at least one component of an electrical system, 
Wherein said system comprises: 

a memory device for storing information related to tests 
performed on said electrical component; 

a transceiver in electrical communication With said 
memory device, Wherein said transceiver transmits data 
stored in said memory device to a test device used to 
test the said electrical component and for receiving data 
from the test device for storage in said memory device; 
and 

a housing surrounding said memory device and said 
transceiver, Wherein said housing is ?Xedly connected 
to the component, such that information stored in said 
memory device concerning the component is resident 
on the component. 

17. Asystem according to claim 16, Wherein said housing 
is cylindrical in shape de?ned by a body extending betWeen 
circular ends. 

18. A data collection device for collecting and retaining 
data related to a component, said device comprising: 

a memory device for storing information related to tests 
performed on the component; 

a transceiver in electrical communication With said 
memory device, Wherein said transceiver transmits data 
stored in said memory device to a test device used to 
test the said component and for receiving data from the 
test device for storage in said memory device; and 

a housing surrounding said memory device and said 
transceiver, Wherein said housing is ?Xedly connected 
to the component, such that information stored in said 
memory device concerning the component is resident 
on the component. 

19. A system for monitoring electrical components of an 
electrical system having at least ?rst and second electrical 
components connected in parallel by a ?rst conductor that 
connects terminals of the ?rst and second electrical compo 
nents together and a second conductor connecting a terminal 
of the ?rst electrical component to a remainder of the 
electrical system, said system comprising: 
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a ?rst current sensing device connected betWeen the ?rst 
electrical component and the remainder of the electrical 
system; and 

a second current sensing device connected betWeen the 
?rst and second electrical components; 

Wherein When current ?oWs from the remainder of the 
electrical system to the ?rst and second electrical 
components, current sensed by said second current 
sensing device is equal to the current draWn by the 
second electrical component and current sensed by said 
?rst current sensing device equals the current draWn by 
both the ?rst and second electrical components, and 

Wherein When current ?oWs from ?rst and second elec 
trical components to the remainder of the electrical 
system, current sensed by said second current sensing 
device is equal to the current supplied by the second 
electrical component and current sensed by said ?rst 
current sensing device equals the current supplied by 
both the ?rst and second electrical components. 

20. A system according to claim 19 further comprising a 
processor connected to said ?rst and second current sensors, 
Wherein said processor determines the current draWn and 
supplied by the ?rst electrical component by subtracting the 
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current sensed by said second current sensor from the 
current sensed by said ?rst current sensor. 

21. A system according to claim 19, Wherein the ?rst and 
second electrical components are batteries, an said ?rst and 
second current sensing device detect current draWn and 
supplied by the batteries. 

22. A system according to claim 19, Wherein said ?rst and 
second current sensing elements are Hall effect sensors. 

23. A system according to claim 19, Wherein said ?rst and 
second current sensing elements are magneto resistive sen 
sors. 

24. A system according to claim 20, Wherein said second 
current sensing elements comprises: 

sensing conductors connected to opposed ends of the ?rst 
conductor connected betWeen the ?rst and second elec 
trical components; and 

a voltage meter connected to said sensing conductors for 
determining a voltage drop across the ?rst conductor, 

Wherein said processor determines the current in said ?rst 
conductor based on a knoWn resistance of the conduc 
tor and the determined voltage drop across the ?rst 
conductor. 
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