
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2017/0170449 A1 

ALEXANDER et al. 

US 20170170449A1 

(43) Pub. Date: Jun. 15, 2017 

(54) 

(71) 

(72) 

(73) 

(21) 

(22) 

(63) 

(60) 

SYSTEMAND METHOD FOR A 
DYNAMICALLY CONFIGURABLE POWER 
DISTRIBUTION CONTROLAND 
MANAGEMENT SYSTEM 

Applicant: Eagle Harbor Holdings, LLC, 
Bainbridge Island, WA (US) 

Inventors: Kevin ALEXANDER, Allyn, WA (US); 
Michael BANNERMAN, Ferndale, WA 
(US); Isaac BURBANK, Oakland, CA 
(US); Braden COPPLE, Sultan, WA 
(US); Kyle PEASE, Missoula, MT 
(US) 

Assignee: Eagle Harbor Holdings, Inc., 
Bainbridge Island, WA (US) 

Appl. No.: 15/443,924 

Filed: Feb. 27, 2017 

Related U.S. Application Data 
Continuation of application No. 14/994,326, filed on 
Jan. 13, 2016, now Pat. No. 9,620,987, which is a 
continuation of application No. 13/868,843, filed on 
Apr. 23, 2013, now Pat. No. 9,293,928. 
Provisional application No. 61/638,874, filed on Apr. 
26, 2012. 

Publication Classification 

(51) Int. Cl. 
HOLM 2/34 (2006.01) 
HIM I/633 (2006.01) 
GOIR 3L/36 (2006.01) 
HIM I/48 (2006.01) 

(52) U.S. Cl. 
CPC ......... H0IM 2/348 (2013.01); H0IM 10/486 

(2013.01); H0IM 10/633 (2015.04); G0IR 
31/3606 (2013.01); G0IR 3 1/3651 (2013.01); 

G0IR 31/3679 (2013.01); H02J 7/0063 
(2013.01) 

(57) ABSTRACT 

A dynamically configurable battery management system 
includes a controller system with a first processor connected 
to a first memory and a first wireless transceiver connected 
to a wireless packet network. A battery system with a second 
processor is connected to a second memory and a second 
wireless transceiver connected to the wireless packet net 
work. One or more batteries are connected to the battery 
system, and the connected batteries include a battery pack. 
A sensor that is connected to the battery system generates a 
data stream that is stored in the second memory. The data 
stream allows for establishing a battery capability and status 
unique to each battery in the battery pack. The stored data 
stream is stored as a battery record with a universal unique 
identifier. 
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BACKGROUND OF THE INVENTION 

0005 Field of the Invention 
0006. The present invention generally relates to an 
energy management system for energy storage devices. 
More particularly, the present invention relates to a complex 
modular battery management and communication system 
for multi-cell battery packs which are suitable for any type 
of equipment that uses a portable energy Supply including 
electric or hybrid vehicles, handheld portable tools, electric 
power Supplies, etc. 
0007. Description of Related Art 
0008. In a discussion of prior art, Pat. No. 7,734.317 
generally describes systems and techniques that relate to 
wireless communications. The systems and techniques 
described involve the use of an efficient power source for 
prolonged battery life. The power source includes more than 
one battery, and a power management module. The man 
agement module is configured to operate each battery in a 
pulse current discharge mode while Supplying continuous 
current load. What the inventor failed to disclose were 
systems and methods for dynamic battery configuration, 
wireless communication between battery packs and control 
lers, and automatic battery ID assignment. 

Jun. 15, 2017 

0009. In a discussion of prior art, Pat. No. 6,078,165 
generally describes systems and techniques that relate to an 
energy management system for monitoring an energy Stor 
age device. The energy management system includes more 
than one battery forming the energy storage device. Each of 
the batteries includes a physical connection for communi 
cation. A local module is connected to the batteries which 
make up the energy storage device. The local module has 
multiple inputs for receiving the Voltage signals generated 
by the batteries. The local module provides a combined 
output signal. A processor is provided for receiving the 
output signal from the local module and monitoring the 
Voltage signals produced by the energy storage device. What 
the inventor failed to disclose were systems and methods for 
dynamic battery configuration, wireless communication 
between battery packs and controllers, and automatic battery 
ID assignment. 
(0010. In a discussion of prior art, Pat. No. 7,960,047 
generally describes the measurement of physical properties 
and individual charge control of the cells of a battery which 
may lead to a longer battery life and to a more reliable 
operation. The present invention discloses a system, a cell 
unit, a control unit and a method for the automated man 
agement of batteries via a wireless communication link. 
According to the invention, the life cycle of individual cells 
of a battery may be tracked and recorded by an external 
control unit. Advantageously, active control of the battery 
cells is provided, including the ability to provide a short 
circuit between respective poles of battery cells. What the 
inventor failed to disclose were systems and methods for 
dynamic battery configuration, non-contact methods of mea 
Suring call properties, onboard memory on the power system 
controllers, and automatic battery ID assignment. 
(0011. In a discussion of prior art, Pub #US 2011/0248678 
A1 generally describes a battery charging system and 
method. This system in chides a high Voltage charger for 
charging a string or battery cells. There is also a Supple 
mental charger across each battery cell in a string. The 
method for charging this string is to use the high Voltage 
charger until at least one cell being charged gets to a 
predetermined Voltage. The high Voltage charger is then 
disabled. The Supplemental charger then continues to charge 
individual cells until they all reach a predetermined voltage. 
What the inventor failed to disclose were systems and 
methods for different modes of charging, methods for charg 
ing cells other than lithium ion, and keeping track or cell 
history via automatic battery ID assignment. 
(0012. In a discussion of prior art, Pat. No. 7,394,394 
generally describes an apparatus and method for monitoring 
at least one battery condition. An AC test current is applied 
to a battery and a difference between the signal output from 
the battery and a preset value determines a battery condition. 
The determined battery condition is transmitted remotely 
from the battery location through a controller to a network 
server and is visibly displayed at the battery location. What 
the inventor failed to disclose were systems and methods for 
wirelessly communicating with a charging device capable of 
multiple charging methods, methods of being dynamically 
capable of adding or withdrawing new batteries to the 
system and methods for actively controlling battery tem 
perature rather than just monitoring and reporting. 
(0013. In a discussion of prior art, Pat. No. 7,598,880 
generally describes an apparatus and method for a wireless 
battery monitoring system and method including a receiver 
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and a set of wireless transmitters. The transmitters are 
connected to a corresponding battery and are able to identify 
the corresponding battery. The transmitters are programmed 
to transmit data regarding the corresponding battery, Such as 
Voltage, temperature, balancer activity, etc., to the receiver. 
What the inventor failed to disclose were systems and 
methods for communicating with a charging device capable 
of multiple charging methods, methods of being dynami 
cally capable of adding or withdrawing new batteries to the 
system and methods for actively controlling battery tem 
perature rather than just monitoring and reporting. 
0014. In a discussion of prior art, Pub #2005/0038614A1 
generally describes an apparatus and method for a remote 
battery monitoring system. Sensors are disclosed in which 
one or more sensors are connected to batteries in a battery 
string. The sensors measure battery data Such as Voltage, 
current, and temperature and wirelessly transmit the battery 
data to a control and collection unit. The control and 
collection unit receives, processes, analyzes, and stores the 
battery data. Remote monitoring software running on the 
control and collection unit can be configured to provide 
warning alarms when the battery data is outside present 
limits. What the inventor failed to disclose were systems and 
methods for of being dynamically capable of adding or 
withdrawing new batteries to the system, systems and meth 
ods for wirelessly communicating necessary charging meth 
ods with a charging device and methods for actively con 
trolling battery temperature rather than just monitoring and 
reporting. 
0015. In a discussion of prior art, Pub #2009/0066291 A1 
generally describe an apparatus and method for a Distributed 
Energy Storage Control System (DESCS) comprising one or 
more identical Battery Management System units, series 
parallel system controller and DESCS main controller. This 
DESCS system promotes the energy efficiency of batteries, 
provides on-line repair or replacement of batteries and can 
charge/discharge during maintenance. What the inventor 
failed to disclose were systems and methods for automatic 
battery ID assignment, systems and methods for communi 
cating with a charging device capable of multiple charging 
methods and systems and methods for actively controlling 
battery temperature by means other than bypassing. 
0016 So as to reduce the complexity and length of the 
Detailed Specification, and to fully establish the state of the 
art in certain areas of technology, Applicant(s) herein 
expressly incorporates(s) by reference all of the following 
materials identified in each numbered paragraph below. 
0017 specification of the Bluetooth System Version 4.0, 
dated 17 Dec. 2009 is Incorporated by reference and is 
therefore not described in further detail. 
0018 IEEE 802.11n specification for Wireless Local 
Area Networks dated 29 Sep. 2009 is incorporated by 
reference and is therefore not described in further detail. 
0019 IEEE 802.2 Standard for Information Technology 
dated 1998 is incorporated by reference and is therefore not 
described in further detail. 
0020 U.S. Pat. No. 7,554.294 B2 “Battery Health Moni 
tor” dated 30 Jun. 2009 is incorporated by reference and is 
therefore not described in further detail. 
0021 Applicant(s) believecs) that the material incorpo 
rated above is “non-essential” in accordance with 37 CFR 
1.57, because it is referred to for purposes of indicating the 
background of the invention or illustrating the state of the 
art. However, if the Examiner believes that any of the 
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above-incorporated material constitutes “essential material' 
within the meaning of 37 CFR 1.57 (c)(1)-(3), applicant(s) 
will amend the specification to expressly recite the essential 
material that is incorporated by reference as allowed by the 
applicable rules. 

BRIEF SUMMARY OF THE INVENTION 

0022. The above and other objects of the invention are 
achieved in a preferred embodiment of the invention by a 
system and methods disclosed herein for providing a wire 
less dynamically configured power distribution and control 
system. The system includes a central unit, connected to a 
wireless transceiver and a processor with memory; a remote 
unit with a second transceiver connected to a second pro 
cessor including memory; 
0023. Wherein. the processors are configured to detect 
connections to one or more batteries; Store data into 
memory; detect a connection to a battery cell controller; 
transmit data to the controller, allow charge or discharge at 
predetermined rates; and use the packet network to transmit 
the data based on predetermined conditions. 
0024 Aspects and applications of the invention presented 
here are described below in the dryings and detailed descrip 
tion of the invention. Unless specifically noted, it is intended 
that the words and phrases in the specification and the claims 
be given their plain, ordinary, and accustomed meaning to 
those of ordinary skill in the applicable parts. The inventors 
are fully aware that they can be their own lexicographers if 
desired. The inventors expressly elect, as their own lexicog 
raphers, to use only use plain and ordinary meaning of terms 
in the specification and claims unless they clearly state 
otherwise and then further, expressly set forth the “special 
definition of that term and explain how differs from the plain 
and ordinary meaning. Absent such clear statement of intent 
to apply a “special definition, it is the inventors intent and 
desire that the simple, plain and ordinary meaning to the 
terms be applied to the interpretation of the specification and 
claims. 
0025. The inventors are also aware of the normal precepts 
of English grammar. Thus, if a noun, term, or phrase is 
intended to be further characterized, specified, or narrowed 
in Some way, then Such noun, term, or phrase will expressly 
include additional adjectives, descriptive terms, or other 
modifiers in accordance with the normal precepts of English 
grammar. Absent the use of Such adjectives, descriptive 
terms, or modifiers, it is the intent that Such nouns, terms, or 
phrases be given their plain, and ordinary English meaning 
to those skilled in the applicable arts as set forth above. 
0026. Further, the inventors are fully informed of the 
standards and application of the special provisions of 35 
U.S.C. S112, 16. Thus, the use of the words “function.” 
“means' or “step” in the Detailed Description or Description 
of the Drawings or claims is not intended to somehow 
indicate a desire to invoke the special provisions of 35 
U.S.C. S 112, 6, to define the invention. To the contrary, if 
the provisions of 35 U.S.C. S 112, 6 are sought to be 
invoked to define the inventions, the claims will specifically 
and expressly state the exact phrases “means for or “step 
for, and will also recite the word “function' (i.e., will state 
“means for performing the function of (insert function'), 
without also reciting in Such phrases any structure, material 
or act in Support of the function. Thus, even when the claims 
recite a “means for performing the function of . . . 'or' step 
for performing the function of . . . . if the claims also recite 
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my structure, material or acts in Support of that means or 
step, or that perform the recited function, then it is the clear 
intention of the inventors not to invoke the provisions of 35 
U.S.C. S112, 6. Moreover, even if the provisions of 35 
U.S.C. S112, 6 are invoked to define the claimed inven 
tions, it is intended that the inventions not be limited only to 
the specific structure, material or acts that are described in 
the preferred embodiments, but in addition, include any and 
all structures, materials or acts that perform the claimed 
function as described in alternative embodiments or forms of 
the invention, or that are well known present or later 
developed, equivalent structures, material or acts for per 
forming the claimed function. 
0027. The foregoing and other objects, features and 
advantages of the invention will become more readily appar 
ent from the following detailed description of a preferred 
embodiment of the invention which proceeds with reference 
to the accompanying drawings. Other aspects of the inven 
tion will be appreciated by those skilled in the art after 
reviewing the following detailed description of the inven 
tion. 

DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

0028. A more complete understanding of the present 
invention may be derived by referring to the detailed 
description when considered in connection with the follow 
ing illustrative figures. In the figures, like reference numbers 
refer to like elements or acts throughout the figures. 
0029 FIG. 1 (System Communication Overview) is a 
diagram that depicts communication between the Host Sys 
tem. Controller (HSC), Local Pack Controller (LPC), and 
external devices. 
0030 FIG. 2 (System Process Map) is a diagram that 
depicts the general associations between processes. 
0031 FIG. 3 (System Startup Sequence) is a diagram that 
depicts a set of operations necessary for the system to attain 
a fully operational state upon being power on. 
0032 FIG. 4 (Wireless Connection Protocol) is a diagram 
that depicts a procedure for connecting HSC and LPC 
wireless transceivers. 
0033 FIG. 5 (Connecting a Pack to a Host System) is a 
diagram that depicts a set of operations for connecting the 
pack to the host system. The pack contains an LPC that is to 
wirelessly connect to the HSC after the pack has been 
physically inserted into the system. 
0034 FIG. 6 (Replacing Cells in a Pack) is a diagram that 
depicts a sequence of removing cells, detecting new cells, 
and connecting the cells to the system. 
0035 FIG. 7 (Assigning a Battery ID) is a diagram that 
depicts a procedure for identifying cell ID and generating 
temporary ID’s if necessary. 
0036 FIG. 8 (Connecting to a Charger) is a diagram that 
depicts a set of operations for connecting the HSC to a 
charging controller in the event that a charger connected to 
the system. 
0037 FIG. 9 (Payment and Charge Initialization) is a 
diagram that depicts the operations involved with paying in 
commercial charger applications. 
0038 FIG. 10 (Wireless Connection Protocol HSC to 
Charger) is a diagram that depicts the operations involved in 
securely connecting wireless transceivers between the HSC 
and a charger. 
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0039 FIG. 11 (Charging) is diagram that depicts a stan 
dard procedure for safely charging cells in the system. 
0040 FIG. 12 (Discharging and Loading) is a diagram 
that depicts the operations required tor the system to safely 
Supply power. 
0041 FIG. 13 (Storing Memory) is a diagram that depict 
a process for storing memory on the HSC and LPC. 
0042 FIG. 14 (Remote Network Uplink) is a diagram 
that depicts a sequence of operation which can be used by 
the system for connecting and transmitting information to 
remote wireless networks. 
0043 FIG. 15 (Removing a Pack from a Network) is a 
diagram that depicts a set of operations for safely removing 
a pack front the system. 
0044 FIG. 16 (System Monitoring) is a diagram that 
depicts a process for continuously analyzing the state of the 
system and initiating state control measures when necessary. 
004.5 FIG. 17 (Bad Pack or Battery) is a diagram that 
depicts a set of diagnostic procedures for identifying a bad 
pack or cell to the user. 
0046 FIG. 18 (Report Function) is a diagram that depicts 
a sequence of operations used to transmit information Such 
as warnings and system status from the HSC to interfaces, 
external networks, etc. 
0047 FIG. 19 (Sleep Mode) is a diagram that depicts 
power saving methods and a reduction of operations used to 
save power when Stored power is not being used. 
0048 FIG. 20 (Low Battery Life Mode) is a diagram that 
depicts a procedure for managing the system while it is in a 
state of low power. 
0049 FIG. 21 (Alarm for a Dying Pack or Cell) is a 
diagram that depicts a process for alerting users of a pack or 
ceil with a critically low power level. 
0050 FIG. 22 (Crash Scenario) is a diagram that depicts 
a set of safety measures followed in the event that the system 
has experienced forces outside of safe operational bounds 
and is possibly damaged. 
0051 FIG. 23 (Battery Configuration) is a diagram that 
depicts a method for configuring and ranking cells based on 
their performance and specifications. 
0.052 FIG. 24 (Dynamic Cell Matrix) is a diagram that 
depicts a method for dynamically configuring the cells in the 
system to fit output requirements. 
0053 FIG. 25 (Parent Tree of Operations) is a diagram 
that depicts how each process interacts with the others. This 
tree assumes the standard operations necessary for the 
system to function and that all packs have been fully 
connected to the system. 
0054 FIG. 26 (System Components Overview) is a dia 
gram that depicts the general overview of the components 
inside the power system. 
0055 FIG. 27 (Centralized Topology) is a diagram that 
depicts how the networks connect the distributed nodes 
together to a centralized controller 
0056 FIG. 28 (Decentralized Topology) is a diagram that 
depicts how the networks connect the distributed nodes 
together through a wireless device to a server. 
0057 FIG. 29 (Host System Controller) is a diagram that 
depicts typical software elements included but not limited to 
the preferred embodiment. 
0.058 FIG. 30 (Power supply typical) is a diagram that 
depicts a typical power Supply controlled by a logic circuit. 
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0059 FIG. 31 (Battery management) is a diagram that 
depicts the distributed management of a one cell battery 
pack. 
0060 FIG. 32 (Battery management) is a diagram that 
depicts the distributed management of multiple cells in the 
battery pack. 
0061 Elements and acts in the figures are illustrated for 
simplicity and have not necessarily been rendered according 
to any particular sequence or embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0062. In the following description, and for the purposes 
of explanation, numerous specific details are set forth in 
order to provide a thorough understanding of the various 
aspects of the invention. It will be understood, however, by 
those skilled in the relevant arts, that the present invention 
may be practiced without these specific details. In other 
instances, known structures and devices are shown or dis 
cussed more generally in order to avoid obscuring the 
invention. In many cases, a description of the operation is 
sufficient to enable one to implement the various forms of 
the invention, particularly when the operation is to be 
implemented in software. It should be noted that there are 
many different and alternative configurations, devices and 
technologies to which the disclosed inventions may be 
applied. The full scope of the inventions is not limited to the 
examples that are described below. 
0063. In this embodiment one or more batteries are used 
as the energy storage and conversion devices which are 
storing energy and providing energy to a load. The term cell 
in this embodiment is referring to a rechargeable battery 
which is a group of one or more rechargeable electrochemi 
cal cell, but this system and method is capable of controlling 
and managing a broad range of energy storage and conver 
sion devices such as, electrochemical cells, electrolytic cells, 
Galvanic cells, capacitors, and fuel cells; and this system 
and method can manage energy stored in a broad range of 
energy forms such as chemical, electrical, thermal, and 
potential energy. Examples of batteries which can be used in 
this system include but are not limited to lead acid, lithium 
ion, lithium-polymer, nickel-iron, nickel–zinc, nickel-metal 
hydride, iron-air, zinc-air, zinc-bromine, Vanadium redox, 
Sodium-Sulfur, sodium-nickel chloride, lithium-iron Sul 
fides, nickel-cadmium and flow batteries. Examples of fuel 
cells which can be used in this system include but are not 
limited to hydrogen and hydrocarbon fuel cells. Examples of 
capacitors which can be used in this system include but are 
not limited to variable capacitors and Super capacitors. 
Those skilled in the relevant arts could apply this system to 
other forms of energy storage or a combination of cell type 
or forms of energy storage devices. 
0064. In one application of the invention FIG. 1 shows an 
overview of components that can communicate within the 
dynamically configurable power distribution control and 
management system as well as how the controllers can 
communicate with devices and networks outside of the 
system. In the application of the invention given in this 
disclosure, this system will be explained in the context of 
being used so control and manage the power system within 
a vehicle. Vehicles are only one possible application for this 
power distribution control and management system, but will 
be used in order to more clearly disclose the invention. All 
networking and communications protocols mentioned are 
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chosen to give examples of novel applications of this 
invention, but those skilled in the relevant arts can configure 
this system to communicate through many types of networks 
such as TCP/IP and LIN, CAN, J-1850, MI, DSI, BST, 
MML byteflight, flexray, ID8, 1394 and J-1708 CAN bus 
networks. The local controllers (5.10), which control each of 
the one or more packs (15, 20) of batteries, can communicate 
with a host controller 1 through a wireless network (75, 80) 
such as Bluetooth, ZigBee, or 802.11. The host controller 1 
communicates with all local controllers 30 in the system as 
well as all external devices 35 such as a GUI 50, Smartphone 
55, computer 60, modem 65, remote network 70, charger 40, 
and the one or more load devices 45. The host controller 1 
can communicate with the extorted devices 35 through a 
wireless connection Such as those mentioned above as well 
as through a serial or parallel wired connection 85. The host 
controller 1 may also be integrated into another device Such 
as an electronic control unit, a local controller 5 or into 
software in another device such as a computer 60 or smart 
phone 55. The host controller 1 may communicate with the 
charger 40 through a wireless network 85 such as those 
mentioned above or through a serial or parallel wired 
connection in the charger part 90. The load will be directly 
connected 95 to the packs 30, but the host controller 1 may 
also communicate with the load device 45 to retrieve infor 
mation Such as the device's type and load specifications. The 
host controller 1 may also analyze the firmware version and 
code installed on all local controllers (5, 10) within the 
system, and can make automatic firmware upgrades as well 
as ad any code necessary to the local controllers (5, 10) for 
optimal system performance. Packs 15, 20 may be con 
nected to each other 25 in series or parallel, or may be 
individually connected to one or more devices which require 
power. 

0065 FIG. 2 is a System Process Map which is made to 
give the reader an overview of the processes described in 
this embodiment. The processes are arranged in this figure to 
give the reader a basic understanding of the relationships 
between some of the processes as well as to provide a single 
figure which includes all described processes to aid in 
understanding the system structure. It also serves to provide 
a reference to what process figures will be described in this 
disclosure. 

0.066 FIG.3 describes a System Startup Sequence for the 
power distribution and control system where 230 describes 
the system being turned on by a method Such as turning the 
ignition on a vehicle, plugging a charger into the system, 
bringing a wireless access key Such as a wireless transceiver 
in a device or a Smartphone with appropriate Software and 
access clearance within a predefined range of the system, or 
pressing a button on a remote device. When the system is 
turned on it will gather predetermined information 260 about 
the power system such as whether the host controller can 
communicate with local controller and whether anything has 
been removed or changed in the system. Block 270 is a 
decision block determining whether predetermined system 
state variables Such as Voltage, temperature, and available 
current are within predetermined operating limits. If a sys 
tem variable is outside of predetermined limits the system 
activates the appropriate state variable control method Such 
as heating or cooling batteries to keep them in a predeter 
mined temperature range; however if the predetermined 
variables are within the predetermined limits, the system 
moves to another decision block 240 which determined if a 
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charger is connected to the system. If a charger is connected 
to the system, the charger connection is reported 250 and the 
system begins the charging protocol (see FIG. FD20); how 
ever if the charger is not connected, the system enables high 
Voltage discharge 280 and completes the system startup 
sequence 290. 
0067 FIG. 4 describes creating a wireless connection 
between the host and local controllers. When the host 
controller detects a local controller within connection range 
810 it executes a secure connection protocol 820 such as 
Bluetooth. The secure connection protocol 820 can include 
a step where the local controller is given a network password 
to send to the host controller, or S Secure connection may be 
initiated by using a device Such as a wireless transponder to 
place near one of the controllers to retrieve secure connec 
tion data and then place near the other controller to transmit 
that secure connection data 830 is a decision block which 
determines whether the local controller successfully com 
pleted the secure connection to the network. If the connec 
tion is successful the host controller retrieves the local 
controller ID and assigns the local controller a network 
address 840; however if the connection is not successful, the 
decision block 860 determines if the controllers should 
attempt to connect again. If the system determines that the 
controller should attempt another connection, the secure 
connection protocol is initiated again 820; however if the 
system determines that be controllers should not attempt 
another connection, an error message is reported 870. If the 
system completes the retrieval of the battery ID and assign 
ing a network address for the local controller 840, the local 
controller will upload predetermined information such as 
controller model, current software version, pack perfor 
mance history, and current pack state 850. The host control 
ler will determine if the pack of the new local controller is 
capable of operating within the system in decision block 
880. If the pack is not capable of operating in the system, the 
host controller will generate an error message 870; however 
if the pack is capable of operating in the system, the host 
controller will determine if the local controller software 
needs to be reconfigured for optimized system performance 
in decision block 890. If the local controller needs to be 
configured, the host controller configuration manager <no 
figure> will configure the local controller to operate opti 
mally within the system 895; then, complete the wireless 
connection protocol 900; however if the local controller 
does not need to be configured, the system will complete the 
connection protocol 900. 
0068 FIG. 5 describes Connecting a Pack to the System 
where 110 describes using a detection protocol such as 
Bluetooth, 802.11, or Near Field Communication (NFC) to 
detect that a pack has been added to a system, and then 
initiate a wireless connection. Block 120 calls the secure 
wireless connection method (see FIG. 4). Block 130 is a 
decision block determining whether or not the system is 
ready to be used. If the system is ready to be used, 140 
determines if the vehicle is on. If the vehicle is not on, follow 
system shutdown protocol where the system shutdown pro 
tocol includes saving all predetermined data to memory and 
transferring the system into its lowest power state; however 
if the system is on 150, high voltage discharge is enabled; 
160 describes pack monitoring protocol (see FIG.16). If 130 
is not within normal operating limits, determine what is 
wrong and follow state variable control protocol 220 where 
the state variable control protocol includes actions to keep 

Jun. 15, 2017 

the system within a predetermined healthy range, Such as 
changing the load distribution across batteries and packs to 
keep they system balanced, and healing or cooling batteries 
to keep them near their optimum operation temperature. 
0069 FIG. 6 describes Replacing Batteries. In a Pack 
where 2020 describes a local or host, controller detecting 
one or more new or missing batteries. 2030 is a decision 
block determining whether a battery in a battery location in 
missing or new. If the battery is missing 2040 a controller 
will report the missing battery; however if the location has 
a new battery 2080, a controller will initiate Battery ID 
Assignment (see FIG. 7). 2050 is a decision block deter 
mining whether a controller should attempt to detect a new 
battery again at location where a battery was reported 
missing. If it is determined that another battery detection 
attempt should be made, the process of detecting missing or 
new batteries is reinitiated 2020; however if it is determined 
that another detection attempt will not be made, a controller 
will determine whether the system can still operate (decision 
block 2060). If the system can still operate, a controller will 
complete the Replacing Batteries in a Pack process; however 
if the system cannot operate, an error message is reported 
2070 before a controller completes the Replacing a Battery 
in a Pack process. After the battery ID assignment 2080, the 
controller attempts to retrieve predetermined information 
2090 from the new battery such as battery performance 
history, battery model, battery Voltage; and available cur 
rent. Then a report is generated that the battery was suc 
cessfully added to the system 2100. 
(0070 FIG. 7 describes Assigning Battery ID where 1490 
describes the process being initiated by a process that 
detected a new battery (see FIG. 6). A controller will scan 
the battery for available battery ID information 1500 using 
a method such as Bluetooth or NFC to read information off 
of a location on the battery Such as a wireless transponder or 
a smart battery memory location. 1510 is a decision block 
determining whether a battery ID was able to be retrieved. 
If the controller is able to retrieve battery ID information, the 
controller will then store the battery ID in memory 1560; 
however is not able to retrieve battery ID information, a 
controller will generate a predetermined error message 1520 
for when a new battery is added and a controller can't 
retrieve any ID information from the battery. 1530 is a 
decision block which determines whether a controller should 
make another attempt to retrieve battery ID information or 
generate an ID for the battery. If a user or a predetermined 
portion of the controller program determines that controller 
should try to retrieve battery ID data again, the controller 
restarts the scan for available battery ID's 1500; however if 
it is determined that the controller will not assign as battery 
ID or try to retrieve battery ID data again, the a controller 
will generate an error message 1535; if it is determined that 
the controller will assign a battery ID, the controller will 
generate the ID 1550 and store the ID in memory 1560. 1570 
describes the controller being able to save the battery ID in 
the pack performance history to mark when the battery was 
changes in the pack. The controller will then begin to store 
battery history as it becomes available 1580. 
0071 FIG. 8 describes Connecting to a Charger where 
420 describes the host controller detecting a charger capable 
a connecting to the system through a physical or wireless 
connection. The network connection as well as the power 
transfer from the charger can take place through a wired 
connection or a wireless connection Such as wirelessly 
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connecting to an induction charger for a wireless system 
charge. This system can be charged from a broad range of 
charging Sources such as wall chargers, EV charging sta 
tions, induction chargers, wind turbines, Solar panels, and 
energy conversion mechanisms such as regenerative break 
ing. The host controller then verifies that a charger is capable 
of connecting to the system 430 and determines whether the 
charger should be rejected based on predetermined rejection 
criteria 440. If the controller determines that the charger 
should be rejected, it acts on the rejection criteria protocol 
520; however it the controller does not reject the charger at 
this point, the controller attempts to establish a secure 
connection with the charger 450. This secure connection 
may be wired or wireless (see fig FD11 for wireless con 
nection protocol). After attempting to establish a secure 
connection with the charger, the controller determines 
whether the charger should be rejected based on predeter 
mined rejection criteria 460. If the controller determines that 
the charger should be rejected, it acts on the rejection criteria 
protocol 520; however if the controller does not reject the 
charge an this point, the controller attempts to upload system 
ID and state information to the charger then the controller 
determines whether the charger should be rejected based on 
predetermined rejection criteria 480. If the controller deter 
mines that the charger should be rejected, it acts on the 
rejection criteria protocol 520; however if the controller 
does not reject the charger at this point, the controller 
attempts to verify the current state of the power system and 
charger 490; then the controller determines whether the 
charger should be rejected based or predetermined rejection 
criteria 500. If the controller determines that the charger 
should be rejected, it acts an the rejection criteria protocol 
520; however if the controller does not reject the charger at 
this point, the controller accepts the charger connection to 
the power system 510. 
0072 FIG.9 describes Payment and Charge Initialization 
where the host controller determines whether payment infor 
mation is required by the charger 525. If payment informa 
tion is required, the controller determined whether to pro 
vide payment information to the charger 530; this will likely 
be a choice that user either directly selects, or set criteria for 
when to allow upload for convenience; however if payment 
information is not required, the host controller determines if 
the system is fully charged 540. If payment information is 
required and the controller chooses to upload the payment 
information, predetermined payment information is 
uploaded to the charger 535; however if the controller 
doesn't allow payment information to be uploaded, the 
controller reports that payment information upload was 
denied and the system doesn't initiate charging 570. If the 
system is determined to be fully charged, the controller 
reports that the system is fully charged; however if the 
system is not fully charged, the controller begins the charg 
ing method 545 (see FIG. FD20). 550 determines whether 
the system was successfully charged. If the system was fully 
charged, the controller reports that the system is fully 
charged 555; however if the system was not successfully 
charged, the controller reports a charging error 565. In block 
560 the controller determines whether another attempt 
should be made to charge the system. If it is determined that 
another attempt should be made, the charging method is 
started again 545; however if it is determined that another 
attempt should not be made, the controller exits the Con 
necting to Charger method. 
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0073 FIG. 10 describes a Wireless Connection Protocol 
for connecting the host controller to a charger where 1710 
describes the host controller securely connecting to a char 
ger using a secure connection standard Such as Bluetooth, 
802.11, or a wired serial or parallel connection. The host 
controller determines whether the secure connection was 
successful in 1720. If the secure connection is successful the 
host controller allows charging to proceed 1740; however if 
the secure connection is not successful, the host controller 
will determine if it should attempt another secure connection 
with the charger 1750. If the host controller determines it 
should make another attempt to securely connect with the 
charger, the secure connection 1710 is attempted again; 
however if the controller doesn’t make another attempt to 
connect to the charger, the controller does not allow charg 
ing 1760, and reports the cause of failure 1770. 
0074 FIG. 11 describes a method for Charging where 
1940 describes the host controller allowing power to flow to 
the one or more packs in the system. The host and local 
controllers monitor and control the Voltage and current 
entering each battery, as well as predetermined battery 
characteristics, in Such a way that the batteries can be 
optimally charged using solid state control methods 1950. 
The controllers determine if the system state, such as indi 
vidual battery temperature and Voltage, are within the pre 
determined limits of that the controllers can handle 1960. If 
the system is not within controllable limits, the host con 
troller stops allowing the system to charge 1970 and gen 
erates a charging error 1980; however if the system is within 
controllable limits, the host controller determines if the 
system has been fully charged 1990. If the system has not 
been fully charged, the controllers continue to monitor and 
control the voltage and current entering each battery 1950: 
however if the system is fully charged, the host controller 
stops allowing the system to charge 2000 and reports Suc 
cessful charge completion 2010. 
(0075 FIG. 12 describes Discharging/Loading where 330 
detects that a load device is connected to the system that will 
require energy to operate. 332 determines whether system 
discharge has been enabled. If discharge is currently not 
allowed 334, the host controller reports that discharge is 
disabled; however if discharge is allowed 340, the host 
controller detects and determines the energy requirements of 
the load. The controllers determine whether the power 
system has suitable power and system health to support the 
load 350. If the power system has suitable power and health, 
the host controller allows discharge to support the load 360 
while monitoring the power system 370; however if the host 
controller determines that the power system does not have 
suitable power to support the load, the host controller reports 
that the power system cannot support the load due to 
incompatible load capabilities or insufficient system charge 
380; if the host controller determines that the power system 
does not have suitable health to support the load, the host 
controller will report the health issue 400 and attempt to 
initiate health state control 410. 

(0076 FIG. 13 describes a method for Storing Memory 
where 980 describes a controller determining that there is 
data relevant that needs to be stored. 985 determines where 
to store the data. In 990 the information is stored, with any 
relevant ID's, into the chosen memory location. In 1000 the 
controller determines if the memory was successfully stored. 
If the memory was not stored successfully, the controller 
reports that information was not successfully stored in 
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memory 1010; however if the memory is successfully 
stored, the controller will attempt to upload the information 
in memory to one or more predetermined external locations 
when appropriate 1020. 
0077 FIG. 14 describes a method for uploading data to a 
remote network where 1040 describes the host controller 
scanning for available networks. Available networks may be 
wired or wireless and may include networks such as Blu 
etooth, NFC, 802.11. ZigBee, and wired networks in 1050 
the host controller compares the available list of networks 
with a secure list of networks winch the controller already 
has permissions to connect to. 1070 represents a decision 
block where a user or the host controller will determine 
whether to add Zero or more of the available networks to the 
list of networks to try to connect to. If it is determined that 
any networks should be added to the list, the networks are 
added 1080 and then the host controller attempts to connect 
to the available networks on the list 1090; however if it is 
determined that the host controller should not add any new 
networks to the list, it attempts to connect to connect to 
available networks on the list 1090 without adding any 
networks first. In 1100 the host controller determines 
whether the connection to a network is successful. If the 
connection is successful, the controller uploads predeter 
mined data to the remote location 1140; however if the 
connection to a network is not successful, the controller 
generates an error message 1110 and determines whether it 
should try to connect to that network again 1120. If the user 
or controller determines that another attempt should be made 
to connect to the network, it attempts to connect to the 
network again 1090; however if it is determined that another 
attempt should not be made to connect to a network, the 
relevant data is stored for future transfer 1130. 

0078 FIG. 15 describes a method tor Removing a Pack 
from the Network where 910 describes the user disabling the 
discharge in the system. 920 describes that the system is now 
incapable or discharging through pack terminals. 930 deter 
mines whether the user has removed one more packs from 
the system. If no packs have been removed, the host con 
troller determines whether discharge is still manually dis 
abled 950; however if one or more packs have been 
removed, the host controller stops communicating with the 
controllers on the remold packs 940 before determining 
whether discharge is still manually disabled 950. If system 
discharge is manually disabled, the host controller reports 
that discharge is manually disabled 970; however if dis 
charge is no longer manually disabled, the host controller 
reports that discharge is not manually disabled and reports 
any packs that have been removed from the system 960, 
0079 FIG. 16 describes System Monitoring where 1600 
describes local controllers collecting state information for 
their respective packs. State information may comprise 
information Such as system Voltage, current temperature, 
vibration rate and amplitude, and battery impedance across 
a range of frequencies which can be determined using a 
method such as electrochemical impedance spectroscopy 
(EIS). This information is stored in memory 1610 using 
memory storage protocol (see FIG. 13). 1630 determines 
whether the system state is within predetermined limits, 
system is within predetermined limits, relevant information 
is packetized and uploaded to the host controller 1650: 
however is the system is not within predetermined limits, 
state control is initiated 1640 Such as controlling tempera 
ture or redistributing load across available batteries in the 
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system, before preparing and sending data to the host 
controller 1650. In 1660 the host controller calculates the 
available power capacity in the power system. In 1680 the 
host controller reports the available system power capacity. 
In 1690 the host controller determines whether the power 
system has power capacity within a predefined limit com 
pared to the requirements of the system load. If the system 
has suitable power capacity, the local controllers begin 
collecting battery state data 1600 again; however if the 
system does not have Suitable power capacity, the host 
controller reports low battery life 1700 and initiates a low 
battery life mode 1840 (see FIG. 20). 
0080 FIG. 17 describes a method for determining 
whether there is a Bad Pack or Battery in the power system 
where describes the host controller gathering relevant data to 
determine the current state of the system. 1270 determines 
whether any battery or pack properties are outside of a 
predetermined emergency range for the system. If any 
battery or pack properties are outside of the emergency 
range, the host controller initiates an emergency shutdown 
sequence 1260; however no properties are outside of the 
emergency range, the host controller determines whether 
any battery properties are outside of a defined healthy range 
1280. If no batteries are outside of the healthy range, the 
controller compares the battery states 1320; however if any 
batteries are outside of the healthy range, the controller flags 
those batteries 1290 before comparing battery states 1320. 
1310 determines whether any battery properties are too far 
from the battery average for that property. If no batteries are 
significantly different from the others, the host controller 
determines show pack properties are outside of a defined 
healthy range 1330; however if any batteries are signifi 
cantly different from the others, the batteries that are differ 
ent are flagged 1300. If any packs have properties outside of 
the healthy range, those packs are flagged 1340; however if 
no packs have properties outside of the healthy range, the 
pack have any properties which are significantly different 
than the average of the packs. If any packs have properties 
that are significantly different than the others, the pack(s) are 
flagged 1370; however if none of the packs have any 
properties that are significantly different than the others, the 
host controller initiates the Alarm for Dying Pack or Battery 
method 1375 (See FIG. 21). 
I0081 FIG. 18 describes a method for a Report Function 
where 740 describes a higher level method sending infor 
mation which needs to be reported. 750 determines whether 
a set of data is the most important data set in que to be 
reported. If the data set is the most important in the que, the 
host controller determines what needs to be done with the 
data set 770; however if the data set is not the most important 
in the que, the host controller moves the data set to an 
appropriate place in the que based on priority 760. 780 
determines whether the data needs to be stored with a 
specific ID marker. If yes. The data is stored with the chosen 
ID markers 790; however, if no ID marker is needed, the 
host controller reports the data set to the one or more 
appropriate destinations 880. 
I0082 FIG. 19 describes a method for placing the power 
system into a Sleep Mode where 590 detects that the system 
has been inactive for a predetermined period of time. 600 is 
a decision block which determines whether the system is 
fully charged. If the system is fully charged the HSC 
performs a system analysis 610; however if the system is not 
fully charged 625, the HSC determines whether the system 
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is charging. If the system is charging 640, the HSC continues 
the system charging protocol (see FIG. 11); however if the 
system is not charging 610, the HSC performs a system 
analysis. Block 620 determines if the system should be 
following the discharge protocol instead of the sleep mode 
protocol. If the system is Supplying power to an external 
device, the controllers follow the discharge protocol 650 
(see FIG. 12) and report or display the system discharge 
status as necessary 660; however if the system does not need 
to actively discharge, the controllers perform an analysis of 
packs and batteries within the system 670. The controllers 
report the system status 680, store it in memory 690, and 
then place the system into a low power sleep mode 700. 720 
describes the system indicating that it is currently in sleep 
mode. 710 describes the controllers detecting that the system 
has been activated. 730 describes the system indicating that 
it is now in an active mode. 

I0083 FIG. 20 describes a Low Battery Life Mode 
method where 2160 describes the method being initiated by 
the System Monitoring method (see FIG. 16) when the 
system power rapacity drops below predetermined limit. 
The host controller determines the remaining system capac 
ity 2170 and determines whether the capacity is below a 
predetermined safe operation level 2180. If the system is 
below the safe operation limit, the host controller reports 
that the system is below safe operation capacity 2230 and 
transmits the report to predetermined internal and external 
devices 2240 before initiating a system shutdown 224.5; 
however of the system is not yet below the safe operation 
capacity, the host controller reports that the system has low 
capacity 2190, cancels all non-critical operations 2200, 
disables high power discharge 2210, and gives the user the 
option to enable an emergency override or low-power opera 
tion with decreased system performance 2220. 
0084 FIG. 21 describes as Alarm for a Dying Pack or 
Battery method where 1390 describes this method being 
initialized by the Bad Pack or Battery method (see FIG. 17). 
1400 describes this method gaining access to the data from 
the Bad Pack or Battery (FIG. 17) method. The host con 
troller stores the system state and generates a system report 
1410 before determining whether the power system can still 
handle a minimum load necessary to support the one or more 
devices currently being powered 1420. If the system cannot 
handle the necessary minimum load, the host controller 
report that the system is failing 1430 and begins to shut 
down 1440; however if the system can still handle a mini 
mum load, the host controller determines if any batteries or 
packs are currently flagged 1450. If no batteries or packs are 
flagged 1455, the method exits back to the System Moni 
toring method (see FIG. 16); however if any of the batteries 
or packs were flagged, the host controller reports that the 
system needs repair 1460 and initiates a discharge mode 
with decreased performance and limited functionality to 
minimize system load until the system is repaired 1470. 
0085 FIG. 22 describes a Crash Scenario method where 
1160 describes this method being suddenly called from an 
active or standby mode due to a sensor Such as an acceler 
ometer measuring a system abnormality Such as a Sudden 
impact. The host controller stores all available information 
into memory 1170 and determines whether the system 
experienced a Sudden force greater than a predetermined 
limit 1180. If the vehicle experienced a sudden force above 
the set limit, the host controller initiates an emergency 
shutdown sequence 1200; however if the system did not 

Jun. 15, 2017 

experience a force greater than the set limit, the host 
controller determines whether the vehicle has rolled 1190. If 
the vehicle has rolled, the host controller initiate an emer 
gency shutdown sequence 1200; however it the vehicle did 
not roll, the host controller performs a system check to 
determine the state and health of the system 1210, 1220 
determines whether the power system was damaged. If the 
system was damaged, the emergency shutdown sequence is 
initiated 1200; however if the power system was not dam 
aged, the method returns control to whichever method was 
running when it was called 1230. 
I0086 FIG. 23 describes a Pack Configuration method 
where 2250 describes the user or a monitoring method 
initializing the Pack Configuring method. 2260 determines 
whether any batteries should be moved to another position 
or packs, or whether one or more batteries should be 
replaced based on their health ranking. If no batteries should 
be moved or replaced, the controllers configure the load 
distribution based on rankings, input requirements, and 
system control algorithms 2300; however if one more bat 
teries should be moved or replaced, 2270 determines the 
optimal battery placement and which batteries should be 
replaced 2280 reports the optimal configuration and 2290 
provides configuration instructions to the appropriate sys 
tems or a user. After configuration 2300, the method ends. 
I0087 FIG. 24 shows a Dynamic Cell Matrix which 
allows for a wide range of cell configurations, outputs, and 
other options. In this matrix, the connection coming from 
one cell can be altered to connect to other batteries in the 
system. A grouping of these batteries used to produce an 
output will be called a set for clarity. Primary 2710 and 
auxiliary 2740 sets configured into a single system are 
shown in FIG. 24. The primary set 2710 shows a configu 
ration drawing power from 12 batteries, with 3 parallel lines 
each with 4 batteries in series. Primary terminals 2780 and 
2790 can be designated for the primary set and auxiliary 
terminals for the auxiliary set. There may be multiple 
auxiliary sets and there is no limit to the size of each set. This 
set also depicts the scenario in which a cell has gone bad and 
it is replaced by rerouting 2750 the connections of the 
adjacent cells to a cell that was not in use. In some systems 
a number of spare batteries 2760 may be designated solely 
for this purpose. This rerouting is done by a Switch con 
trolled by the LPC or HSC. This switch may be any type of 
mechanism used to alter the connection in a circuit, such as 
an electromagnetic relay. 
0088 FIG. 25 describes a Parent Tree for Standard 
Operation where 2800 represents the power system in an 
inactive mode. The system goes through a startup sequence 
2805 and moves into an on mode where the controllers are 
monitoring the system 2810. 2820 describes the system 
following discharge protocol. 2825 describes the system 
controlling load across available batteries and packs. 2815 
describes the controllers reporting the current state of the 
system. 2830 describes the system charging. 2835 represents 
controllers controlling the state of the system while charg 
ing. 2840 describes the system shutting down. 
I0089 FIG. 26 shows a System Components Overview of 
the power distribution control system where 1 is the host 
system controller (HSC), 5 is the local pack controller 
(LPC), and 15 is a pack within the system. The HSC 1 
contains one or more processors 2860 with non-volatile flash 
memory 2865 and a wireless transceiver 2875 connected to 
the one or more processors 2860, and with a power supply 
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2870. The power supply 2870 may come from one or more 
of several possible sources, such as an on-board battery or 
capacitor, power Supplied directly from one or more system 
packs 15, or power supplied from the electronics system that 
the packs are supplying power to. The LPC 5 contains one 
or more processors 2880 with non-volatile flash memory 
2885, pack management circuitry 2890, an analog to digital 
converter 2895, and a wireless transceiver 2900 connected to 
the one or store processors 2880 where the pack manage 
ment circuitry 2890 includes circuitry necessary for pack 
State control Such as during charging, discharging, adding 
and removing batteries and packs, and turning a pack 15 off 
or placing it into a sleep mode. Each of the one or more 
packs 15 in a power distribution system contain as LCP 5. 
one or more batteries 2905, one or more censors 2910, one 
or more pack state control devices 2915, and the wiring and 
hardware 2920 necessary to control the system during 
charging, discharging, adding and removing batteries and 
packs, and turning a pack 15 off or placing it into a sleep 
mode. Contact and non-contact sensors may be included in 
the system. The one or more batteries 2905 may be placed 
in series, parallel, or a combination of the two to create the 
desired system Voltage and current capacity. The one or 
more pack state control devices 2915 may include devices to 
control state variables within the pack Such as temperature, 
Voltage, vibration, charge rate, and discharge rate. Pack State 
control devices may include, but are not limited to, fans, 
heaters, pumps, dampers, Peltier devices, and Solid State 
Voltage and current controlling devices. 
0090 FIG. 27. shows a system to topology including a 
power supply 3010, host system controller (HSC) 3020, 
Bluetooth transceiver and antenna 3170. The HSC power 
Supply is connected in parallel to the battery packs (1-n) 
3150 and 3170; each Battery Pack contains one more cells 
(1-n) 3030-3040 and 3070-3080 in Battery Pack n; a dis 
tributed power supply 3050 and 3090 connected the one or 
more cells so the battery pack; and a distributed control 
system or Local Pack Controller (LPC) 3.060 and 3100 
which are connected by a wireless transceiver 3060 and 
3100 to the HSC 3020. The LPC monitors the one or more 
cells in the Battery Packs and is configured to optimally 
manager the distributed power supply in each Battery Pack 
that is connected to the more than one cell in the Battery 
Pack. 

0091 FIG. 28. shows a distributed control system topol 
ogy similar to FIG. 27, with one exception; the HSC is an 
application 3210 running on a portable device 3200. This 
application takes wireless information from the LPC's 3310 
and 3350, and provides the control logic for charging and 
load management. Since the Smart phone is typically con 
nected to a packet network, data can be transferred to a 
server or for centralized management, Such a fleet manage 
ment for electric vehicles. The fleet vehicles can comprise 
industrial equipment like fork lifts; sports equipment like 
bikes and all-terrain vehicles, etc.; as well as vehicles. 
0092 FIG. 29. shows a power supply for a typical 
multi-mode battery charge circuit (e.g. constant current or 
constant Voltage) 3400 comprising the elements of an 
alternating current source 3410; a direct current half wave 
rectifier, a high frequency DC square wave generator 3430; 
and a step down transformer rectifier filter 3440 to provide 
at least one of constant current or constant Voltage to the 
battery packs. The HSC 3460 regulates the output by adjust 
ing the frequency of the electronic switches in 3430 based on 
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predetermined conditions configured into the processor in 
the HSC with input from the LPC's. 
0093 FIG. 30, shows the LPC 3505 and its control 
connection to the distributed power supply 3550 connected 
to one battery cell for management. The LPC 3505 com 
prises a microprocessor 3530, a wireless transceiver 3530, 
an antenna 3520, memory 3520 and an analog to digital 
convertor (ADC) 3510. Power is supplied from the central 
power supply (FIG. 29) through 3500. By switching the 
electronic switch in 3550, constant voltage or constant 
current can be managed by the LPC based on predetermined 
software configurations in 3505. Two feedback loops to the 
LPC from 3550 to the ADC 3510 provide voltage or 
amperage values to the processor 3530. 
0094 FIG. 31 shows the same physical and logical cir 
cuitry now connected to a more than one cell Battery Pack 
with more than one control and more than one feedback loop 
the the ADC 3620 and processor 3640. It is important to note 
those feedback loops may include contact and non-contact 
feedback for circuit operations, but may include additional 
sensors for monitoring sensors the charging operations, load 
management, system health. 
(0095 FIG. 32 shows the software for battery manage 
ment. This may run in the LPC, HPC smart wireless device 
or through a smart wireless device to a server. The software 
stack 3700 running in the processor 3800 has the responsi 
bility of power-management to include active and passive 
cell balancing. It is commonly known in the art that different 
algorithms of cell balancing are often used when multiple 
cells are used in a Battery. Cell balancing typically include 
by passing some of the cells during charge and sometimes 
during discharge (e.g. FIG. 31). Difference of cell voltages 
is a typical of unbalance, which is measured by the feedback 
loops to the ADC (FIGS. 30 and 31) and dynamically 
corrected by the processor in the LPC. 
0096. However, the underlying reasons for voltage dif 
ferences on the level of battery chemistry and discharge 
kinetics are not widely understood and the extent of bypass 
ing charge cannot be clearly defined. The current art of 
attempted balancing often causes more harm than good In 
fact, many common cell balancing schemes based on Volt 
age only result in a pack more unbalanced that without them. 
0097 Although the preferred embodiment of the system 
described in the disclosure is that of an electric vehicle, there 
are many applications outside of the automotive market. 
This system could be used in variety of applications in the 
residential and industrial markets, from uninterruptible 
power Supplies to battery pack recharging stations tor com 
mercial fleet and public use, and therefore should not be 
limited to a single embodiment. 
0098. The dynamic configuration of this system is very 
unique, in that it allows users to easily introduce and remove 
battery packs in the system. Once a pack has been physically 
connected to the system, it can automatically establish a 
secure wireless connection with the host system. In addition, 
the configuration of the wireless system, also allows the user 
to connect as many devices as desired, including multiple 
battery packs, integrated GUIs, handheld GUIs, chargers, 
and other wireless devices. The wireless capabilities and 
automatic secure network connection of this system also 
make it useful for fleet services, where battery packs may 
need to be replaced quickly in order to keep a vehicle in 
operation. This will also allow fleets to manage their 
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vehicles much more efficiently, as they will easily be able to 
gather usage data from each host system through the wire 
less network. 
0099. This system can make special use of short range 
wireless systems to establish secure wireless connections. 
These short range wireless systems may comprise compo 
nents from Bluetooth, RFID, and NFC. A similar strategy to 
establishing a secure connection from the battery packs to 
the host system may also be used for connecting the host 
system to other devices, such as charging stations, external 
GUIs, and other wireless devices. 
0100. As mentioned earlier in the disclosure, state control 

is used to manage the operating parameters of each battery 
pack. This is defined as a method for monitoring and 
controlling each of the variables related to changes in the 
park conditions during operation. For every variable of 
concern in the battery pack, there will be a method for 
monitoring and controlling the state of that variable. 
0101 The system described above can use dedicated 
processor Systems, micro controllers, programmable logic 
devices, or microprocessors that perform Some or all of the 
communication operations. Same of the operations 
described above may be implemented in software and other 
operations may be implemented in hardware. 
0102 For the sake of convenience, the operations are 
described as various interconnected functional blocks or 
distinct Software modules. This is not necessary, however, 
and there may be cases where these functional blocks or 
modules are equivalently aggregated into a single logic 
device, program or operation with unclear boundaries. In 
any event, the functional blocks and Software modules or 
described features can be implemented by themselves, or in 
combination with other operations in either hardware or 
software. 
0103 Having described and illustrated the principles of 
the invention in a preferred embodiment thereof. If should 
be apparent that the invention may be modified in arrange 
ment and detail without departing from Such principles. 
Claim is made to all modifications and variation coming 
within the spirit and scope of the following claims. 

1. A system for continuously determining battery system 
health, comprising: 

a host controller configured to continuously gathering 
data to determine a current state of at least one of 
battery system health and charge system health; 

one or more batteries connected together into a battery 
pack, wherein the battery pack includes one or more 
sensors for generating the data, wherein the data 
includes at least one of Voltage, time to charge, time to 
discharge, Voltage, amperage, temperature, State of 
Charge (SOC), and State of Health (SOH): 

a battery controller connected to at least one of the one or 
more sensors and the one or more batteries, wherein the 
battery controller is configured to: 
collect data continuously from the one or more batteries 

and the one or more sensors for logging into a 
memory, wherein the logged data is averaged over 
time, 

use a predetermined sable of values to determine 
whether any sensed properties are outside of a use 
range for the system, wherein the use range is at least 
one of equal to a predetermined average value, equal 
to predetermined below average value, and equal to 
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a predetermined emergency value, wherein the emer 
gency value initiates an emergency shutdown 
sequence; and 

a first wireless transceiver connected to the battery con 
troller configured to communicate the sensed values 
and predetermined values to a second wireless trans 
ceiver connected to the host controller. 

2. The system of claim. 1, wherein at least one of the 
predetermined table of values and the use range is based off 
of historical data retrieved from the one or more batteries. 

3. The system of claim 1, wherein the memory comprises 
non-volatile flash memory. 

4. The system of claim 1, wherein the one or more 
batteries are rechargeable and comprise at least one of lead 
acid, lithium air, lithium-ion, lithium-polymer, nickel-iron, 
nickel–zinc, nickel-metal hydride, iron-air, zinc-air, zinc 
bromine, Vanadium redox, Sodium-sulfur, sodium-nickel 
chloride, lithium-iron Sulfides, nickel-cadmium, and flow 
battery. 

5. The system of claim 1, wherein the one of more sensors 
include at least one of contact sensors and non-contact 
SSOS. 

6. The system of claim 5, wherein the contact sensors 
include at least one of Voltage, amperage, and temperature. 

7. The system of claim 5, wherein the non-contact sensors 
include at least one of inductive sensors and infrared sen 
SOS. 

8. The system of claim 1, wherein when one or more of 
the sensed properties is outside of the use range of the 
system the battery controller activates a state variable con 
trol method to cause the one or more of the sensed properties 
to return to the use range of the system. 

9. The system of claim 8, wherein the state variable 
control method comprises at least one of heating and cooling 
the one or more batteries. 

10. A method for continuously determining battery system 
health, comprising: 

configure a host controller to continuously gather data to 
determine a current state of battery system health and 
charge system health; 

use one or more batteries connected together into a battery 
pack, wherein the battery pack includes one or more 
sensors for generating data, wherein the data includes 
at least one of Voltage, time to charge, time to dis 
charge, Voltage, amperage, temperature, State of 
Charge (SOC), and State of Health (SOH): 

connect a battery controller to at least one of the one or 
more sensors and one of the one or more batteries, 
wherein the battery controller is configured to: 
collect data continuously from the one or more batteries 

and the one or more sensors for logging into a 
memory, wherein the logged data is averaged over 
time, 

use a predetermined table of values to determine 
whether any sensed properties are outside of a use 
range for the system, wherein the use range is at least 
one of equal to a predetermined average value, equal 
to predetermined below average value, and equal to 
a predetermined emergency value, wherein the emer 
gency value initiates an emergency shutdown 
sequence; and 

use a first wireless transceiver connected to the battery 
controller configured to communicate the sensed values 
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and predetermined values to a second wireless trans 
ceiver connected to the host controller. 

11. The method of claim 10, wherein at least one of the 
predetermined table of values and the use range is based off 
of historical data retrieved from the one or snore batteries. 

12. The method of claim 10, wherein the memory com 
prises non-volatile flash memory. 

13. The method of claim 10, wherein the one or more 
batteries are rechargeable and comprise at least one of lead 
acid, lithium air, lithium-ion, lithium-polymer, nickel-iron, 
nickel–zinc, nickel-metal hydride, iron-air, zinc-air, zinc 
bromine, Vanadium redox, Sodium-Sulfur, sodium-nickel 
chloride, lithium-iron Sulfides, nickel-cadmium, and flow 
battery, 

14. The method of claim 10, wherein the one of more 
sensors include at least one of contact sensors and non 
COntact SensOrS. 

15. The method of claim 14, wherein the contact sensors 
include at least one of Voltage, amperage, and temperature. 

16. The method of claim 14, wherein the non-contact 
sensors include at least one of inductive sensors and infrared 
SSOS. 

17. The method of claim 10, wherein when one or more 
of the sensed properties is outside of the use range of the 
system, the battery controller activates a state variable 
control method to cause the one or more of the sensed 
properties to return to the use range of the system. 

18. The method of claim 17, wherein the state variable 
control method comprises at least one of heating and cooling 
the one or more batteries. 
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