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ENERGY MANAGEMENT SYSTEM FOR VEHICLES HAVING LIMITED
ENERGY STORAGE
Field of the Invention
The Energy management systeu\of the present invention
relates generally to designs for range and performance
improvement on modern vehicles hvaing alternative energy
storage systems of limited capacity. More particularly,
the invention provides for monitoring and assessment of
parameters for energy storage system status, vehicle
status and multiple driving profiles for détermining'time,
mileage or location of energy system exhaustion, most
efficient routes to destination, alternative destinations
for recharging the energy system and efficiency
improvements for vehicle operation.

Background of the Invention
Environmental pollution is requiring the development

and implementation of alternatively powered: vehicles to
supplement or replace present conventional internal
combustion powered passenger  vehicles. Recent
developments in the technology of electric and other
alternative energy vehicles allows performance of those
vehicles to approach that of internal combustion engine
powered vehicles in all areas with the exception of
driving range. Using electric vehicles as an example,
present battery technology limits the amount of onboard
energy storage available for electric vehicles and the
likelihood that limited 1locations having recharging
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system of Hgﬁé%esent_lnvent|on rel ates generally to designs for range
and performance 15 i nprovenent on nodern vehicles hvaing alternative
ener gy storage systens of linited capaciy. Mre particularly, t he

i nvéntion provides for nonitoring and assessnent of araneters for
energy storage sf@Fé%%ﬁ%ﬁﬁﬁﬂlk%hpﬁlévallégi%LhPaﬁﬁenﬂFngle%ﬂi€$%ﬁlres
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exhaustion, nost efficient routes,to destinatiaqn, altegggﬁhggle

e
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i nprovenents for auelkirelat ioeAngt idEstinations within range of the vehicle.

5 Various battery management systems have been proposed
in the prior art to estimate the state of charge of the
vehicle battery and remaining vehicle range. Examples of
these systems are described in the paper by C.C. Chan and
K.C. Chu, "Intelligent Battery Management System,"

10 presented at the Electric Vehicle Symposium 9, November
13-16, 1988 in Toronto, Ontario, Canada and the SAE
technical paper by A.F. Burke, "Evaluation of State of
Charge Indicator Approaches for E.V.’s," presented at the
International Congress and Exposition of the SAE, Detroit,

15 Michigan, February 27-March 3, 19835. These systems are
typically very limited in the information provided to the
electric vehicle user.

For some time navigation systems have been under
development for use with ground vehicles. Exemplary of

20 the prior art in this field are U.S. Patent Nos. 4,926,336
to Yamada, 4,984,168 to Meukirchner, 4,992,997 to Nimura
et al. and 5,121,326 to Moroto et al. Information
provided by such prior art navigation systems can be of
particular use to electric vehicle operators, however,

25 supplementing of data and calculation routines of the
prior art navigators to incorporate information critical
for electric vehicle operation would allow use of a
navigation system to supply information to the electric

_ vehicle operator for energy efficient route planning and

30 alternative route planning where insufficient range is
available from the battery pack in the vehicle.

The present invention combines and improves the prior
art systems to provide an energy management system for
optimum use of an electric vehicle by allowing the driver

35 to select performance modes, driving profiles and
destinations while informing the driver of vehicle status,
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25 Background of the Invention Environnental pollution is

requi ri ngwaded;ti3oel opnent and i npl enent ati on of alter nat PeRiUgIPIRGRS ed
vehieles to suppl enent or replace present conventional internal
conbusti on powered passenger vehi cl es. Recent 30 devel opnents in
the_aechnology of electric and ot her al tethati ve energy vehicles allows
per f-6rmance qf th vehi . ppr. th . 4 rn co Lon
engi ne ngereggggﬁfclé%QYﬁﬁgffégﬁgasr%?%% thgé%iég%gbgn %kd nR%$%é?%g
range. Using el eeffieieanlcresntaolan exanpl e 35 present battery technol ogy

limts the anount of onboard energy storage available for electric
vehi cl es and the |l i kelihood that limted | ocations having recharging
Summary of the Invention
S The present invention is applicable to vehicles

employing limited energy strage systems including, but not
limited to, battery systems, inertial energy systems and
hybrid electric systems. The embodiment disclosed herein
employs a battery storage system. The electric vehicle
10 energy management system incorporates an electronics
module having a microcontroller for sensing, control and
calculation, and memory for maintaining driving profiles,
vehicle status’'information and mathematical models for the
vehicle and battery systems. A battery sensor package
15 ©provides status information to the electronic module for
the battery voltage, temperature and current for use with
the battery model. Vehicle sensor inputs to the
electronic module include temperature inside the vehicle,
outside air temperature, temperature of the motor
20 controller, temperature of the motor, speed of the vehicle
and acceleration of the vehicle for use with the wvehicle
model. A driver interface, which incorporates an
accelerator pedal and a brake pedal for motion control of
the vehicle and a plurality of control buttons for control
25 of the electronic module and a text display for output
from the module to the driver. Normal display functions
for safe operation of the vehicle, such as speedometer,
odometers and battery status are provided from the
electronic module, using standard analog or digital
30 displays in an instrument cluster on the wvehicle
dashboard.

The microcontroller employs the data received from
the battery sensor inputs for range calculations based on
the battery model stored in the memory. The battery model

35 includes experimentally determined formulas or tables
describing the voltage and current relationship over the
range of allowable depths of discharge and the model of
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-2-41 facilities will be available in the near termrequires
syst ens |wcegf,g'g@d in the vehicle to informthe driver of PCT/US83112678

st atus and driving range avail able or, alternatively,
dest’inations within range of the vehicle. 5 Various battery
managenent systens have been proposed id "t he prior art to estinate the

state of Charge Of éfg life based on battery charge and discharge history.

The vehicle model incorporates the information from the

battery model and the efficiencies of the electric motor,

transmission and motor controller as functions of speed,

5 load and temperature as well as losses due to rolling

friction, aerodynamics and hill c¢limbing. The

microcontroller employs the vehicle model for range and

efficiency calculations based on the vehicle sensor

inputs. The driving profiles stored in the memory are

10 employed by the microcontroller for calculation of power

consumption based on "standardized" driving profiles, such

as stop and go, freeway cruising, and hill climbing, or

profiles obtained by memorizing the power consumption

history of trips unique to the driver of the vehicle. The

15 microcontroller provides calculation for the energy

| management system to predict range of the electric wvehicle

based on the driving profile and speed selected by the
driver through the driver interface.

In addition to the stored profiles, the energy

20 management system interfaces with a vehicle navigator

employing a database of street routes and other static and

dynamic navigation information for calculation of energy

efficient routes to a destination based on the vehicle

model and alternative routes to battery charging stations

25 if the battery condition does not allow sufficient range

to reach the desired destination.

 The energy management system through its

microcontroller provides active control of vehicle systems

including the charging system for the battery pack,

30 internal and external lighting systems, heating,

ventilating and air conditioning systems for the vehicle

and the drive motor controller.

35
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vehi.cl e battery and remai ni ng vehicl e range. Exanpl es of t hese systens

are descwediid3d t he paper by C. C. Chan and K.C. Chu, PCTVUR93/1267§ent
Bat&ery Managenment System " 10 presented at the Electric Vehicle
Synposi um 9, Novenber 13-16, 1988 in Toronto, Ontario, Canada and
t he SAE techni cal paper by A F. Burke, "Evaluation of State of

Chaxge IndlgstorBégggosgg§§ FQ& E.gf'é{; ng&;g&gd at the I nt ernati onal
Congr ess an M chi gan, February
27-March 3, 1989 Théke spseénstarenventaypucaSbeeéty Rhdersgopd t Wéth

information providedrbQckhero tHe) €ebLl6wYRY! Chead 4 &
ti me navigation systgnschavéobeen under v a eveld%ﬁ%%tafbr 3§S°mg?ﬁ§3?§und

vehi cl es. Exenpl 8ffadtedodesREipEign HFFthnthls field are U S. Patent Nos.
4,926,336 s to Yanaglag.41984, a6slb@kN@y£gf§hnef tﬂe9§8n8931§9ewlgué%gy

et al. and 5,121,326 to Mroto et .al | nf or mati,o
management system and the systems and sensors interfaced
to the EMS.

FIG. 2 is a schematic of an embodiment of the energy
management system employing a standard microcontroller.

10 FIGS. 3a and 3b are a block diagram of the menu
hierarchy for the text display of the driver interface
from the energy management system.

FIGS. 4a and 4b are a flow diagram for range
prediction by the energy management system.

15 FIGS. Sa and Sb are a flow diagram for selection of
the driving mode.

FIGS. 6a and €b are a flow diagram of the general
control program for the energy management system
microcontroller.

20 FIGS. 7a and 7b are flow diagrams of the interrupt
driven data input and output from the vehicle sensors,
battery system sensors and displays.

FIG. 8 is a block diagram of the energy management
system interface with the vehicle navigation system.

25 FIG. 9a is a flow diagram of the energy management
system interface with the navigator.

FIG. 9b is a flow diagram of the navigator interface

with the energy management system.

30
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provi ded by such prior art navigation systens can be of particul ar use
to el ectw 4%35% cl e operators, however, 25 supplenenting opcfigkes f3ss

calculatl i nes of the prior art navigators to incorporate
|nfornat|on critical for electric vehicle operation would all ow use of
a navi gati on systemto supply infornmati-én to the electric vehicl e
operator for energy eff|C|ent route planning and 30 alternative route

pl anni ng whére Raka =h3: 3 of theinves omthe battery pack in
the vehicle. Ré%é&f&&?enéo'”Mﬁ@t'@BaﬁQ b”eSFQGd | APr QRswd herpgi or
art -systens to prOV|de an ener gy managenent Sys em f or opti num use of
an el ectric vehixdHiPRs Ry thee edergyr maBagegentfystem &mﬂ%)r e clehe

nodes, driVving vi¥did efensue mpu:_cl@swmlmm%dfwuys&énnfdwpm t hyr Déyer

of vehlcle gtatLLdterface and display for the vehicle. The energy

management system electronic module 10 incorporates a

micro-controller 12 as a calculation engine and means for

controlling the various systems of the electric vehicle.

In the embodiment shown in the drawings, an Intel Model

10 196KR processor 1is employed. The Memory systems,

includiné a nonvolatile random access memory (NVRAM) 14

and a read only memory (ROM) 16 provide data storage for

the microcontroller. As will be discussed in greater

detail subsequently, data for driving profiles, wvehicle

15 status and operational models including a battery model

and vehicle model are stored in the memory. Those skilled

in the art will ©recognize that various memory
configqurations and combinations may be employed.

The EMS receives inputs from a variety of sensors.

20 Battery sensors including a battery pack voltage sensor

18, a battery pack temperature sensor 20 and a battery

pack current sensor 22, provide information on the battery

for use by the EMS. Various vehicle sensor inputs

including an inside air temperature sensor 24, an outside

25 air temperature sensor 26, a motor controller temperature

sensor 28, a motor temperature sensor 30, a speed sensor

32 and accelerometer 34 and an ignition switch 36 provide

data input to the EMS for the various vehicle systems.

~ The designation ‘"ignition switch" is used for easy

30 understanding by drivers of internal combustion engine

vehicles and comprises an on-off switch enabling the

operation of the electric vehicle.

The driver interface to the EMS comprises a standard

accelerator pedal 38 and brake pedal 40 for direct control

35 of the vehicle. 1In the present embodiment, a series of

four control buttons 42 are employed for control of the

EMS system in response to menus displayed for the driver
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to vehicles enploying limted energy strage systens

mmary of the Invention 5 The presenPCTF§$M%q7

on a text display 44. The various control buttons and
their function and the menus associated with the EMS will
be described in greater detail subsequently.

Other displays to the driver of the electric vehicle
are controlled by the EMS including a standard speedometer
46, trip and continuous odometers 48, a fuel gauge 50 and
charge and reserve icons 52. The fuel gauge provides a
visual indication of charge remaining in the battery and
is again analogized for familiarity to a "fuel" gauge in
an internal combustion wvehicle. The charge and reserve
icons inform the driver of connection of the electric
vehicle to a charger for recharging of the batteries and
operation of the battery in a reserve mode for very
limited distance travel with the battery in an essentially
depleted state.

The microcontroller of the EMS is interfaced with
various vehicle systems to control their operation.. These
systems include the motor controller 54 which activates
the traction motor driving the electric vehicle. The
heating, ventilation and air-conditioning (HVAC) system 56
and external 1lighting system 58 of the vehicle are
controlled by the EMS based on inputs from the driver
interface and energy efficiency considerations as will be

 described in greater detail subsequently. The charger 60

for the battery in the vehicle is controlled by the EMS to
recharge the battery when connected to a charging station.

As best seen in FIG. 2 for the present embodiment of
the system, the battery sensor inputs and charger system
are incorporated in a self-contained battery monitoring
module 62 which communicates with the microcontroller
through a serial port 64. Those skilled in the art will
recognize that the battery monitor circuit module could be
an integral part of the EMS itself. An electro-optical
interface employing IR LEDs 66 and IR detectors 68 1is
employed for the battery system. Selection of the
charging algorithm to be used in charging the batteries in
the electric vehicle is accomplished by the EMS based on
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lim¢ed to battery systenms, inertial energy systens and hybri d

el ectric gxséLEBe4 The enbodi nent discl osed herein enpl opeTARIshRidery vV
storage system The electric vehicle 10 energy nanagenment system
incorporates an electronics nodul e having a m crocontrol ler for

sensi ng, control and cal cul ation, and me®ory for nalntalnlng driving
profiles, véhj cl e stat us |nfo mat i on and hle tlga nodel s for the
vehi cl e and batt et3PYysEERE € téﬁ’t‘@ﬁl %%n%’ﬁgﬁi)% ﬂ%g@ F591RPFAEs stHR%is
i nf or mati on todt hm@f@ccb::cimblgﬁchtl;ﬁld}@ a seléchtﬁn.chr&itdfGE:Margthggﬂgohrlthms
tenperature and ¢ nt use wt i c
.sensor i nputs &hle% ta%e%y%ﬂﬁ?OﬁFEOHB% Egei €i€%¥e358$aPﬂFXQQ%ﬂ§ﬁg

t he vehicle, ourséne statecopechange, te eaﬁpmal e extdrmdimptttre 2G/cle
controller enp r h t ehi n
acceleratlongof t ﬁ?%e FggngHQ'e\Mtr1 éké%%hggfx Qeghgcngne QQEt is

driver int erfaces,ubemﬂmal nm&;g:lyanthls aspect of the EMS provides
high-cost efficiency for the electric wvehicle. The

charging algorithm is altered by the EMS based on input
from the driver identifying the amount of time the vehicle

10 will be connected to the charging site. If the vehicle is
to be unused for an extended period of time, as an
example, the EMS employs a charging algorithm to equalize
the battery pack, normally a time consuming charging cycle
important to extending battery pack life. If the charging

15 pe;iod is shorter, the charging algorithm employed by the
EMS is tailored to accomplish maximum charge within the
allotted time without degradation of the battery pack
life. Battery charging algorithms employed in the present
embodiment are exemplified in the publication by Linden,

20 David, Handbook of Batteries and Fuel Cells, McGraw-Hill,
1984, pp. 14-79 through 14-92.

State of the art motor controcllers provide for
returning regenerated power to the energy storage system
of the vehicle during electrodynamic braking. In vehicles

25 with energy storage systems comprised of two or more types
of storage devices having differing rates of charge and
discharge, the EMS, through the I/0 port, directs the
motor controller to select the particular energy storage

. subsystem'which is to receive the regenerated energy.

30 Communications with the driver are accomplished by
the microcontroller through a serial port 70 to the text
display 44 and from the driver controls through a polled
I/0 port 72. The accelerator pedal 38 and brake pedal 40
as portions of the driver controls are routed through the

35 EMS which converts the inputs made by the driver to output
signals enabling the motor controller through a standard
I1/0 port. Control of the motor controller and brakes is .
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accel erator pedal and a brake pedal for notion control of the vehicle
and a pl woed4i63040f control buttons for control 25 of the FHPBA2678v0dul e

and. a text display for output fromthe nodule to the driver. Normnal
di splay functions for safe operation of.gthe vehicle, such as
speedoneter, . odoneters and battery status are provided fromthe

el ectroni c godul &ccaﬁpmgsﬁéanﬁa@l s@l&@ﬁ@gdomadmgrtaid 3Q.11dnspl lasfsdettaﬂlla@
i nstrument cl uster vehi cl e sh

on bo
m crocontrol | er ¥ApFBys @Héc&§§&rFeceFﬂ§jq éil%%ﬁe?ﬂﬁﬁﬁﬁ%f SR ise
Ingputs f% rgntgtetnal tehatdomardlapedtons 42 pierimidler yefedencetor elini the he
nory. The ba

o tables o ERSOTERRRE RROURl Hgthart Bt I VTSR OHGITE et i

range of al bowabh esCRpLhkenf, dirs ENTEGekapd & NEMERRIA! kefy and an ESCAPE or
EXIT key. These key designations are used for easy
understanding by those familiar with common computer entry
and may employ different names in a preferred embodiment.

Output to the text display is accomplished in a menu

10 format. The menu hierarchy employed in the present
. embodiment is shown in FIG. 3a and 3b. Initialization of
the system places the EMS microcontroller in the energy
management system check identified in block 310. The
initial display of the system is the main menu identified
15 in block 312. In the present embodiment, the text display
is a four line by twenty character system. Normally the
EMS system operates in a "non-expert" (NI) mode. - This
mode provides simple functional response to the control
buttons operated in response to the various menus. The NI
20 mode is initiated by the driver depressing a single
control button. The functions available to the driver in
the NI mode are predict range, memorize trip, select
driving mode, display vehicle status and charge battery.
These functions are provided in separate menus identified

25 in blocks 314, 316, 318 and 320, respectively.

If the driver depresses two control Dbuttons
simultaneously, the EMS initiates an "expert" (E) mode
which provides additional, more complex functions for
control of the system. The EXPERT MODE menu represented

30 in block 322 allows the driver to reconfigure the EMS
system by setting the time and date represented as a menu
in block 324 and change the display identified as menu
block 326 which allows a change of the language employed
by the display and the units employed (English or metric)

35 by the EMS system and displays. A CHANGE BATTERY MODEL
menu represented in block 328 allows the driver to change

the battery model or change the charging algorithm for the
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-4- ~ 1 cycle life based on battery charge and di scharge history. The
vehicl e "asiedngzpcor porates the infornation fromthe bapteruseyromies and
the efficiencies of the electric notor, transm ssi on and notor
controller as functions of speed, 5 Ioad and tenperature as well as

| osses due to rolling friction, aerodyfanics and hill cl i mbi ng.

Thex 1 battery as previously described. The final menu available
in the expert mode is the MEMORIZE TRIP menu identified in
block 330 which allows the EMS to memorize the energy
consumption of a frequently employed driving path for the

5 vehicle.

The various menus of the system are selected by
pushing the SCROLL button until the function of choice
appears followed by pushing the ENTER button. Once a menu
is selected, the various functions of the menu are

10 selected employing the SCROLL button followed by pressing
the ENTER button at the desired function to confirm the
selection. For various functions, an option is provided
to the driver in the form of a numeric value which may be
increased through set steps in a wrap-around fashion by

15 pressing the NUMERIC button. The ESCAPE key is provided
for the driver to reverse menu selection to return to the
next higher menu level. The functions of the EMS as
selected from the menus will now be described.

The PREDICT RANGE menu when selected provides a

20 series of choices: "level ground at xx mph,"” "stop and
go," "constant speed uphill at xx mph," "constant speed
downhill at xx mph," "constant speed up and down at xx
mph* and any one of up to nine memorized trips. The
program format of this menu is shown in Table 1. The

25 driver uses the scroll button to select the type of
driving profile which he desires. Once the proper profile
is displayed, he pushes the enter button to confirm the
selection. As an example, if the driver chooses "stop and
go" the EMS employs the wvehicle model from the ROM with

30 the driving profile for "stop and go" conditions from the
NVRAM. The stop and go conditions data employed in the
present system is represented by the Simplified Federal
Urban Driving Cycle (SFUDS), a copy of which is provided
in Table 2. The format of the data required by the EMS to

35 calculate range from either power as a function of time or
velocity as a function of time follow that of the SFUDS
cycle shown in the listing provided in Talbe 2. This
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m crocontrol l er enploys the vehicle nodel for range and efficiency

cal cul at iwa94medéd on the vehicle sensor i nputs. The dPCFYRI3AREE8I | es
stoked in the nenory are 10 enployed by the mcrocontroller for

cal cul ati on of power consunption based op standardi zed" driving
profiles, such, as stop and go, freeway cruising, and hill clinbing, or
protiles obtsai neerwmgmeyélag ide s ?&@se@ﬁ%ﬁlm {iox serl@ét%rfy GEhEE!LES
uni que to the driver t he vehicl e. m crocontrol |l e provid

calcul ation forVetRE1ltdssr gy one ﬁﬁﬁﬁ@énﬁﬁ?e§Y§@§nPY8rpﬁe@FéYlﬂanEéméfthe

electric vehiclegix niasfksn theoﬁkr itHikg Qﬁ@éi’rh@tﬂ@ﬁ' spaed vﬁﬁ{ﬁq_ﬁ@dm@&elhe

dri th h the.d t h to
or Tl es " Oron ' BR1PhIaEEs' PhET HAREY reauizad Ak AARbESER (And SHD LTRSS

navi gator 5 enpheyengrgydm@&bas&wﬁacmreeéprﬁubaStaﬂd Gciviarl s41ad | in atide
dynam ¢ navi gatign, | o{.or mathon £ o, LAl 841 90; 8L BRE Phctery model from
the ROM assuming and initial state defined to the
micro-controller of the EMS through the serial port from

the battery monitor module. The EMS continues to run the

10 stop and go steps repeating the six minute cycle
consecutively until the calculated energy remaining in the
battery pack would no ldnger be able to provide the power

for the next step. The distance covered at each step is
accumulated and the reported range is that covered at the

15 1last successful step. This information is reported to the
driver on the display as ‘“"range under stop and go

conditions is xxx miles.®

If the driver selects from the PREDICT RANGE menu,

any of the other choices, with the exception of the

20 memorized trip, the speed parameter must be entered by the
driver to allow the EMS to make a range prediction. For
example, if the driver has selected on the menu "constant
speed downhill at xx mph," the numeric key is pressed by

the driver to change the desired speed. In the present

25 embodiment as identified in the programming appllcatlon.of
Table 1, a minimum speed of 20mph and a maximum speed of

80 mph is employed. The initial speed displayed in the
menu may start with a default value e.g., 30 mph, or the
last speed value employed by a selection on the EMS.

30 Pressing the numeric button would increment the speed by,
for example, five miles per hour for each button push to

the maximum programmable speed at which time the input
wraps to the lowest speed e.g., 20mph. When the driver
obtains the speed desired on display, the enter button is

35 préssed and the EMS then employs the vehicle model to
predict the range. In this case, the power calculation is
based on a constant condition which is derived from
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efficient routes to a destination based on the vehicle model and

al t er nat h,y(gaé@&h_gs to battery charging stations 25 if the h?s’éigxzm

conditio t allow sufficient range to reach the desire
destinati on. The ener gy managemnent system through its

m crocontrol | er provides active control of -aehicle systens I ncl udi ng
the*charging systemfor the battery pack, 30 internal and externa
lighting systempatrikeafi pgwer regeritriedatfiomgtandgavencpndfilenand sysé¢dns
for the vehicle gqo1eaRdgthe drive notor controller. 35

The battery model and vehicle model employed in the
present system are based on the electric vehicle battery
5 performance application program DIANE disclosed in the

paper entitled: Users Guide to DIANE Version 2.1: A
Micro Computer Software Package for Modeling Battery

Performance in Electric Vehicle Applications, by W. W.
Marr, W. J. Walsh and P. C. Symons, June 1990, published

10 by the Energy Systems Division of the Argon National
Laboratory. The vehicle model provided in Appendix A of
the paper as modified for the present system is disclosed
in Appendix A to this application. Data employed in the
battery model by the present embodiment are included as

15 Appendix B to this application. The result of the
calculation by the EMS based on the vehicle model for the
selected profile is displayed as, for example, 'range
under constant speed of xx mph downhill is xxx miles."

If the driver selects from the PREDICT RANGE menu,

20 one of the memorized trips, the calculation made by the
EMS employs the stored table of energy consumption versus
time as input to the vehicle mathematical model. After
calculation, the resulting display based on the existing
battery charge would be "trip number x can be successfully

25 completed z times with yyy miles remaining." This format
allows use of the EMS system for a standard commute
allowing the driver flexibility in selecting charging
times for the vehicle.

: A flow diagram of exemplary programming for operation

30 of the EMS in the PREDICT RANGE menu is shown in FIGS. 4a
and 4b. Data formats for this program sequence are shown
in the listing provided in Table 1. The EMS displays the
PREDICT RANGE menu on the text display as shown in box 410
for review by the driver. The EMS microcontroller

35 monitors the driver interface control buttons to determine
if a control button has been pressed within ten seconds as
shown by the decision block 412.
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-5-. . Brief Description of the Draw ngs The present invention
is best updaagnad with reference to the foll ow ng dr awOpsSEsIL678
accenmpanyi ng detail ed description wherein 5 FIG 1 is a block
di agram of the generalized energy managenent system and t he systens and
sensors interfaced to the EMS. -13-

1 pressed, the EMS sets the mode of operation to the
non-expert (NI} mode for operation in block 413, blanks
the display 414, and enters a wait routine for 416 for
button sensing. Returning to the decision block 412 if a

5 button has been pressed, the microcontroller determines if
the ESCAPE key has been pressed, block 418. If so, the
program returns to block 412, setting the system to the NI
mode. If the ESCAPE key is not the key pressed, the
microcontroller determines if the SCROLL key has been

10 pressed in block 420. If the SCROLL key has been
depressed, the microcontroller moves to display the next
menu as identified in block 510. If the SCROLL key has
not been depréssed, the EMS determines if the NUMERIC key
has been depreséed in block 424. The NUMERIC key has no

15 significance in this menu pattern and if the numeric key
has been depressed, control is returned to block 412 as if
no button had been pressed. If the button pressed is the
ENTER key, by default the progfam proceeds to block 426
and sets the parameters i and j=0. The microcontroller

20 then displays the scrolled menus identified in Table 1 in
the form of menu (1,i) and appends the speed and units or
the trip number as shown in block 428. For example, if
the menu pointer is at menu(i,2) the display will show
"uphill at xx mph." If, however, the menu pointer is at

25 menu(l,5) the display will show "memorize trip # x."
After displaying the menu, the controller enters decision
block 430. If the second index of the menu pointer equals
one, the microcontroller proceeds to decision block 432 to

_ await a button press. If no button is pressed within ten

30 seconds, the microcontroller returns to entry point A at
block 413. If a button has been pressed, the
microcontroller determines if the SCROLL key is pressed in
decision block 434. If the SCROLL key has been depressed,
the second index of the menu pointer i is incremented in

35 block 436 with a counter operating modulc 7. The counting
modulus, length (x), for the various counters described
are shown in Table 1. Upon incrementing of the menu
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FIG. 2 is a schematic of an enbodi nent of the energy managenent system

enployi g ard mcrocontroller. 10 FIGS. 3a and | ock
di agram gwﬁtﬁse]%gn‘g‘nu hi erarchy for the text display of thlééprl v321r2§78b

i nterface .fromthe energy nanagenent system FI GS. 4a and 4b
are a flow diagramfor range predi cti oI~ t he energy managenent

systsem 15 - FIGS. 5a and 5b are a flow diagram for selection of

the driving hode.index, the pnEyram zathlls &re entfiywairdgBa@tofoldrk 428
gener al cont nd gy LOY R@n S

m cr-ocontrol ler. 20 éﬁﬂé¥3%§§ %%ﬁaﬁ? 7% a?g ?ﬁga?§F8§¥a§§ggfath°F Fhe
i nterrupt dr iBREFIaPrassed sHe BLEPFAEORESH 1A st tuesdisslesision

battery system seyieiks @ 18l YHtBitnine if the ENPERB Key ¥aldl Pilesdeaqr amsof
the energy q?nag% JHENTER key was pressed, selecting the menu having
pointer equal 1, the driver has selected the "stop and go"
menu. In this case, the microcontroller retrieves from
memory the vehicle model and employs the SFUDS data as a
driving profile to determine vehicle range as shown in
10 Dblock 438. Upon completion of the calculation, a display
of "stop and go range is" accompanied by the result of the
calculation and the appropriate units as shown in block
440. If no further button is pressed within ten seconds,
the program returns to entry point A as shown in block
15 442. If after the display of the stop and go answer the
ESCAPE key is pressed as detected in block 444, the
program returns to entry point B at block 428 to display
the previous menu. .

If the ENTER key was not pressed, in block 436, the
20 program determines if the ESCAPE key was pressed in block
445. If the ESCAPE key was not pressed, the only key
remaining is the NUMERIC key which has no meaning for the
menu pointer of 1 since no numeric input is required by
the driver. Consequently, control is returned to ‘block
25 432 to await an additioﬁal button press. If the ESCAPE
key has been pressed, the menu pointer is reset to 0 and

control of the program returns to entry point C.
Returning to block 430, if the second index of the
) menu pointer is 0, 2, 3, or 4, additional entry for the
30 speed desired is required by the driver. Consequently,
the microcontroller waits for a button push as identified
in block 446. If a button push does not occur within ten
seconds, control of the program returns to entry point A.
If a button is pushed within ten seconds, the controller
35 determines in block 448 if the SCROLL key has been pressed
and if so, increments the menu pointer in block 450 and
returns to entry point B to display the next menu. If the
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systeminterface with the vehicle navigation system 25 FIG 9ais a
f1 ow di agypa a0 he energy management systeminterface wrhisbiresrs
navi gat or. FIG 9b is a flow diagramof the navigator interface

wi th the energy managenent system 30 c 35

» 1 SCROLL key is not pressed, the controller determines if

the ENTER key has been pressed in block 452. If the ENTER
key has been pressed, the vehicle model is run using the
matrix data for required power at the speed initially

5 displayed in the menu as shown in block 454. Upon
completion of the calculation, the selected driving
profile and the range associated with that profile is
displayed as shown in block 456. For example, if the menu
pointer was 0 providing the menu selection "level at xx

10 mph" the display will show "level at xxX mph range is yy
miles."

If the ENTER key was not depressed, the
microcontroller determines if the ESCAPE key was pressed
in block 458. If the ESCAPE key was pressed, the menu

15 pointer is reset to 0 and the program returns to entry
point C.

If the ESCAPE key was not pressed by default, the
pressed key was the NUMERIC key resulting in incrementing
of the numeric speed value as shown in block 460. The

20 program then returns to entry point B and the display for
the given menu pointer is again provided with the
incremented speed value.

Returning to block 430, if the second index of the
menu pointer equals 5 signifying selection of a memorized

25 trip, the program transitions to entry point D of FIG. 4b.
The microcontroller determines if a button has been
pressed in block 462 and if no button is pressed within
sixty seconds, the program returns to entry point A. If
a button has been pressed, the microcontroller determines

30 in block 464 if the ESCAPE key was pressed. If the ESCAPE
key was pressed, program control returns to entry point C.
If not, the program determines in block 466 if the NUMERIC
key was pressed. If the NUMERIC key was pressed, the
memorized trip variable j is incremented as shown in block

35 468. Incremeﬁting of j is accomplished with a counting
modulus "memorized trips" equal to the number of segmented
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-6- .1 Det ai | ed Description of the Invention Referring to the
dr awi ngsw(ﬂﬁg(ﬂ; shows t he rel ati onship of the energy pemesmnees -
system (EMS) to the vari ous sensor inputs, controlled system outputs,
driver 5 interface and display for the vehicle. The energy

-16-

~ : .
1 memory locations provided for memorizing trip data.

Control of the program then returns to entry point B.
If the microcontroller determines that the ENTER key
has been pressed in block 470, the identified, memorized
5 trip present on the display screen has been selected by
the driver and the microcontroller calculates the power
required for the identified trip as shown in block 472.
Upon completion of the calculation, the microcontroller
displays the results of the calculation in the format
10 ‘“memorized trip number j range is yy trips plus xx miles"
as shown in block 474. Control of the program then
returns to entry point D allowing additional calculation
of memorized trip informatioﬁ.
Returning to decision block 430, if the second index
15 of the menu pointer equals 6, the EMS performs a data
exchange and interaction with a navigator system in block
476 to provide predictions of energy availability in the
battery system for routes defined by the navigator.
Further description of the navigator system interaction is
20 provided in detail subsequently.
The SELECT DRIVING MODE menu allows the driver to
select either a "economy," or "performance" mode for the
EMS in operation of the vehicle. Normally during driving,
the driver is not interacting with the EMS and therefore
25 the display is blank so as not to distract the driver.
The EMS is continually monitoring various inputs from the
vehicle as previously described. Inefficient energy usage
by vehicle systems monitored by the EMS can be detected.
As an example, if the microcontroller of the EMS receives
30 an input from the external temperature sensor indicating
high ocutside temperature and an indication from the window
position sensor that the windows are 1rolled down,
operation of the air conditioner in attempting to cool the
vehicle would be inefficient. In a direct control format
35 as shown in the drawings for the present embodiment, the
HVAC system controlled by the EMS through the I/0 port
could be disabled until the windows are closed. In
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managenent system el ectronic nodule 10 incorporates a m cro-controller
12 as ave@kgwdsasi on engine and means for control | i ng thechecsRLLS78
systens of the electric vehicle. In the enbodi nent shown in the

drawi ngs, an Intel Mddel 10 196KR processor is enployed. The Menory
syst ens, i ncludi ng a nonvol atile random’access menory (NVRAM) 14

b d.onl- 1 . de _data st for” — th
i cr ocont 31 | o 2O REAGRT [ TBE AEBEOE5d et ogr SHOrETs mefe; 41 PPdas Squda y,

data for drivi ndrpret| asmegshgel erdblstipt windpdsoper ati onal nodel s

ot udin, 5 BaCtery SROEh. coRnEll ohEagRich Uik ShOLELLR (NS D

confi gurations amalcontsergdons mayrhbeasnptbyedkemperature TieerEdy s egaid/es

i nputs frog a V@éé@ié’r&fxﬁ%@??%zse [p%%\ﬁaciécﬁrtyo ¥ Sq{i%zjoggolé%is@%fa t?ﬁ'tg&l?ry

pack vol tage sensor , a battery pack tenperature~sensor 20 an

battery a multiplexed Analog to Digital input port 74 as shown in
FIG. 2. Standard controls for the HVAC and motor
controller as exemplary are provided through standard I/0O
ports 76.

10 Selection of the "performance" mode from the driving
mode menu suppresses the EMS monitoring of efficiency
information and precludes display of energy efficient
messages to the driver. As previously described,
selections in the SELECT DRIVING MODE menu are

15 accomplished by pushing the ENTER button followed by
depressing the SCROLL button for selection between the
sub-menu items of "economy, " or "performance" followed by
pushing the ENTER button to confirm the selection. In the
embodiment of the present invention, the default driving

20 mode is “"economy."

FIGS. 5a and 5b are a flow diagram of programming
associated with the SELECT DRIVING MODE menu. The SELECT

DRIVING MODE menu is displayed on the text display by the

microcontroller as shown in block 510. The
25 microcontroller determines if a button has been pressed as
shown in decision block 512. If no button is pressed

within ten seconds, the microcontroller places the system
in the nonexpert mode, blanks the display and waits for a
button press as previously described with respect to FIG.
30 4a. Similarly, if the microcontroller determines in block
514 that the ESCAPE key has been pressed, exiting the
SELECT DRIVING MODE menu, the microcontroller will return

to its initial state.
If the SCROLL button has been pressed as shown in
35 block 516, the next menu DISPLAY VEHICLE STATUS will be
displayed as shown in block 518. If the NUMERIC key is
depressed as shown in block 520, the input is ignored
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pack current sensor 22, provide information on the battery for use by

t he EVMS. woVWarbsi®ds vehicle sensor inputs i ncl udi ng an PEGEUES/13678
tenperature sensor 24, an outside 25 air tenperature sensor 26, a notor
controller tenperature sensor 28, a nnyg%_tenperature sensor 30, a
speed sensor 32 and accel eroneter 34 and an ignition switch 36 provide

data i nput o the; " [ i cle Y03 .Ih Si i on
"ignition s&ﬁtchglggguggg Pg?Egggag%%'E%%t?gigﬁ%@%&@ﬁatde§§r§eg§ ?%?géha
conbusti on engi néf by defrelesthaENDRRrkeram kaeodepyassed eaabirngnghe

operation of thergkeotddieMehiiehi®ing moder déEisidyebyl MR f@EB/d:0, t BRe EMS
conpri ses a standard accel erator pedal 38 and bhrake pedal 40 for direct

control 35 of tABCPBAi index ¢h i MHRRABHPHRSEH Aenfet £t asssgpwn in
four controls but bdeek4Z2arsnegieonedroeonteainelr afsphgys theEMbbsiehamasn

response to nenughgkgpl?XeqofégktryiiqriVe&he displays of the sub-menu
identified for the menu pointer having a first index 2 are

shown in Table 2.
The microcontroller again senses a button push as

10 shown in block 526 and determines if the button pressed is
the SCROLL button as shown in block 528. If the SCROLL
button has been depressed, the menu pointer is incremented
as shown in block 530 and the new sub-menu is displayed by
return through entry point X.

15 If the SCROLL key was not depressed, the
microcontroller determines if the ENTER key was depressed
in block 530. Depressing the ENTER key confirms the
selection by the driver of the displayed sub-menu and, as
shown in block 534, if the second index of the menu

20 pointer equals 0, the microcontroller establishes the
driving mode as "economy" defined in block 536. While if
the second index of the menu pointer equals 1, the
microcontroller sets the driving mode to "performance" as
shown in block 538. If the ESCAPE key has been depressed

25 as shown in block 540, the second index of the menu
pointer is reset to 0 and the program returns to entry
point X.

The DISPLAY VEHICLE STATUS menu allows the driver to
examine the status of the data inputs and outputs of the

30 EMS. For example, selecting the DISPLAY VEHICLE STATUS by
pressing the ENTER button would allow a display of inside

air temperature, outside air temperature, motor
temperature, battery pack temperature, controller
temperature, instantaneous battery pack voltage,

35 instantaneous battery pack current draw and any values
calculated by the EMS from these parameters. With the
limited display size in the present embodiment, the
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1 ..on a.text display 44. The various control buttons and t heir
function W@YKWa%renus associated with the EVMS will be BfeEPPHEE3i n
greater detail subsequently. O her displays to the driver of the
electric vehicle 5 are controlled by the_gENS including a standard

speedonet er
* 1 DISPLAY VEHICLE STATUS selection provides sub-menus with

one or more of the displayed values, e.g. "outside air

temperature is xx." Sequential display of the various

status items 1is accomplished by pressing the SCROLL
5 button.

The CHARGE BATTERY menu allows the driver to inform
the EMS of the desired charging time to allow optimum
charging of the battery by the EMS for that time. For
example, if the driver is running into the store for

10 groceries and the vehicle is attached to a charging
station at the store, the vehicle will only be on charge
for a few minutes. If on the other hand, the driver has
parked the vehicle in his home garage, it may be left for
a number of hours. Slow charging is easier on the battery

15 pack than fast charging. Consequently, the EMS would
direct different charging algorithms to be used depending
upon the length of time available to charge. Invoking the
CHARGE BATTERY function from the main menu by pushing
ENTER causes a prompt of "charge battery for xx hours" to

20 appear. The driver can modify the numeric value by
pressing the NUMERIC button as described previously. The
ENTER button is then pressed to establish the time
available for charging to the EMS. The EMS then selects
an appropriate algorithm based on predetermined hour

25 wvalues and proceeds to charge the vehicle. In the present
embodiment, if a particular time is not established by the
driver through the use of this function, the EMS will
employ an algorithm based upon the optimum charging
efficiency for the present state of the battery.

30 As shown in FIG. 3a, subsequent to establishing the
charging procedure through the CHARGE BATTERY menu, the
EMS provides a VEHICLE ON CHARGE menu 332 for providing
information on the battery charging status. 1In addition,
upon completing the battery charging cycle, a CHARGE

35 COMPLETED menu 334 is provided for notification of the
driver of a charge and battery status prior to reentering
the MAIN DISPLAY menu.
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46, -itrip.and continuous odoneters 48, a fuel gauge 50 and charge and

reserve iwoR/ig4 The fuel gauge provides a vi sual | ndiQTaws9Ien26ms
charge remaining in the battery and - i s agai n anal ogi zed for
famliarity to a "fuel” gauge in 10 an intgénal conbustion vehicle. The
charge and reserve icons informthe drfver of connection of the

el ectric vehi cl e A0 [ far r rgi f .t er] ad
operation of1 t he batt étrsy p%r?qal%r‘%gé’r \9%5%§§@?0r t\?%r %xpe@& Iq?ér#\f e%&i?gggﬁée
travel with the Bateseg threngkssenEXRERY nenu Fidd ellddwsmadéfication andThe

i crocontroller ghntBg1EWE ihel M b3C ehenddiver . VATIOUSY Pl CnoHS! o5

to control their operation. These systens include the notor contro
54 which activat 881f exphangegryi andndl bewelrthe ndriver stectpdat s el BMS

The 20 heatg ng, sygRkm! itdN ARGt tGMdi ddPNadge ( HVARL VHBORIE SSrspragnd
external lighting system58 of the vehicle are

menu allows sub-menus of SELECT LANGUAGE and SELECT UNITS.
The SELECT LANGUAGE menu in the E mode causes a series of
languages to appear one at a time on the display. The
driver selects the desired language for use on the EMS
10 displays by pressing the SCROLL button and confirming the
. choice with the ENTER button. The information on language
choice is saved in the NVRAM and the chosen language is
used until changed by an alternate selection using the
CHANGE DISPLAY menu. All wmessages described in the
15 wvarious menu functions are encoded in all languages
available. These messages are stored in the
microcontroller ROM. The SELECT UNITS function of the
change display menu operates in the same manner as the
SELECT LANGUAGE function to allow selection of English or
20 metric units for display. For example, selection of the
English system will display miles and miles per hour,
while the metric display will display kilometers and

kilometers per hour.
The CHANGE BATTERY MODEL and CHANGE CHARGING
25 ALGORITHM functions are provided to allow modification of
the numeric parameters for changes of battery types, aging
of the batteries and other altered operating parameters

for the vehicle.

The final menu provided in the E mode is the MEMORIZE
30 TRIP menu. This function is selected by the driver to
memorize the energy consumption of a particular trip which
will be accomplished on a repetitive basis to allow
prediction by the EMS for successfully accomplishing that
trip with existing battery charge. Upon selection of the
35 memory function, the display shows "memorize trip number
x." If the driver now pushes the ENTER button, the EMS
will ask for an indication of when to start memorizing
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controlled by the EMS based on inputs fromthe driver I nter nd
ener gy W 94163¢fcy consi derations as will be - descri bed i#fﬂ"ggg?éf?sdet ai l
subsequently. The charger 60 25 for the battery in the vehicle is
controlled by the EMS to recharge the-pattery when connected to a
chargi ng stati.on. As best seen in FIG 2 for the present

embodi menty of bat dd¥ey PesbeMcdigunisd 16 ydseasor Thilpuis aodompaighedspyt em
are incorporated |qﬁ;.selfﬁcontained batt.ery qggitoan 0 nDduAe 62
whi ch communi c &SP AARIRG he‘“‘?ﬁ‘%?b%bﬂ?rglrllé’r nu eﬁwﬁug%n 's & at M poPE*54.

Those skilled ilnreheofir thel ldisplayecogriaze "t hiidibet bag t ehptnorhd onext

ol cotro- opti cadePreasian Pf EReBNaoR PPttt bt aite I Sa S €57 2egdn
3|5 e_rrt)lr]?ny?g bhmmoﬁﬂ"gelngaﬁetrtee:_rgy SystwNpt iose| eBurdng wemorhgationghs&hgi ng
oL00r1 {10 DRl lIBE0L G 0 BRLL S I fea pedibasdlly l@vehiecl
present embodiment, once per second). This power '
requirement is saved in a table along with the amount of
time this amount of power was required. The power is
10 determined by monitoring the battery pack current and
voltage and calculating a product of the instantaneous
values. Once the enter button is pushed and the
memorization is in progress, the word "start" is replaced
on the display by the word "stop" indicating that a
15 subsequent push of the ENTER button will cause the
memorization to stop. A variation on this process is
accomplished if the trip number x has already . been
memorized. If the driver selected that trip number, the
EMS assumes that the driver wishes to replace the
20 information previously memorized by information for a new
trip. In this case, the display shows "replacing trip
number x" along with the start or stop indications. 1In
the present embodiment, up to nine trips can be memorized.
Whenever a trip is memorized, the resulting data table of
25 energy consumption allows range prediction without
requiring calculation based on the vehicle model. Since
the energy consumption for the trip is already known,
prediction is accomplished by subtracting the energy
consumption from the available energy in the battery pack
30 for each time step of the table. The tabular information
for the memorized trips is stored in the NVRAM.
Limitations on the number of stored trips is imposed by
memory size. '
_ Details of the overhead for the operating system of
35 the microcontroller in the present invention are shown in
FIGS. 6a and b and 7a-e. The microcontroller for the
present embodiment initiates operation with a system reset
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-8- .. .input fromthe driver on avail able charging tinme. The

m cr ocont nphlogiseP! oys a sel ection of charging algorithnms povwssbéges
i nto-account the battery pack history and current state of charge to
assist in extending the cycle 5 life of the battery. Battery pack
repl acement cost is -22-

1 610 as shown in FIG. é6a. Interrupts are disabled 612
while initialization of the input output pbrts 614 is
accomplished. As previously described with respect to
FIG. 2, the I/O ports 76 provide the data paths for

S communication between the microcontroller and the ignition
switch, instrument panel 45 (comprising the various
display elements including the speedometer, odometers,
fuel gauge and charge and reserve icons), the HVAC
controller and the motor controller.

10 After initialization of the I/0 ports, the serial
port interrupt (PTS) is enabled for communication through
serial port 64 and of FIG. 2. The microcontroller
communicates with the battery monitor module through the
serial port providing a "cancel charge packet" data block

15 to the self contained battery monitor module as a reset.
See block 618. The microcontroller then blanks the text
display through serial port 70 and the instrument panel
through the I/0 ports. See block 620.

The microcontrcoller next enables the software timer

20 interrupts 622 to allow interface with the clock circuit
78 of FIG. 2 for generalized program clocking. The speed
sensor interrupt is enabled 624 for communication with the
speed sensor. In the present embodiment, the speed sensor
comprises a slotted wheel 80 shown in FIG. 2 located on a

25 drive axle of the vehicle, an IR light emitting diode 82
providing an illumination source through fiber optic cable
to one side of the slotted wheel and an IR detector 84
connected through fiberoptic cable receiving signal from
the opposite side of the slotted wheel. The signal from

30 the IR detector, representative of the rotational speed of
the axle, is provided to an interrupt port 86 in the
microcontroller.

The microcontroller enables the speed calculation
interrupt 626 as a final preoperation function.

35 The microcontroller senses the status of the vehicle
ignition switch in decision block 628. If the switch is
not "on" indicating desire for operation of the vehicle by
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subst ant'i nsequently, this aspect of the EMS provides
effici encgJd ?46 *he electric vehicle. The char gi ng aI?ﬂ%@ﬂﬁ’g
altered by the EMS based on input fromthe driver identifying the
amount of tinme the vehicle 10 wll be connegted to the charging site. |If
the yehicle is - to be unused for an extended period of tine, as an
exanpl e, thel EVS tdwepldyyisrexr char giumgniigorfift hofi ttheeqlgritzion switehbatihery

pack, normally a %bﬂg Qnéggbﬂga993§gé§@hé¥“%¥% mic bgpﬂEEg?%eEO géEEHQng

battery pack life he ¢ erio
algorlthn1enploy@@tﬂlémb the. 1ew5rumep§|m@m@dtanémEU&pmesh mmﬁpﬁﬂwcharge

within the al ls@lotvdd i hi BEoMk t it @ﬁ%a@éﬁé %ééﬂ%hl%a&&ﬁ&}f ngﬁCémtch

life. Batterg charglng al gorithns e present nment are
exenplified In mﬂﬁ?%aFPSﬁeﬁyQme%%ﬁ EechE9PHrOP&ﬁHbGGKQﬁmﬁﬁﬁ%eiﬁes

and Fuel Cells, MiGcawskiRlif the ik284ioBPswibdcH SvddnN okl offn . If
the ignition switch was previously "off", the

microcontroller performs an instrument panel and EMS

startup display 634 and performs a system check 636 to

10 detect hardware faults. If no fault is detected in block

638, the microcontroller sets the text display to the main

menu previously described with respect to FIG. 3 in block

640. If a system fault was detected, the fault is

reported 642 by appropriate annotation of the text

15 display.
Upon completion of the startup sequence, or if the
ignition switch was not previously "off",  the

microcontroller displays the instrument panel and EMS
information 644 corresponding to the various sensor
20 inputs. The microcontroller monitors the control buttons
to determine if a button has been pressed 646 and if the
SCROLL button has been pressed, highlights the action
following the presently highlighted action on the menu 648
to scroll through the menus as previously described with
25 respect to FIGS. 3, 4, and 5. If the ENTER key has been
pressed, the microprocessor performs the highlighted
action and designates the appropriate menu for the
highlighted action as active 650, also previously
described with respect to FIGS. 3, 4 and 5. If the
30 NUMERIC key has been pressed, the microprocessor
determines if a numeric variable is highlighted in the
menu 652. If no numeric variable is highlighted,
depressing the NUMERIC key has no function. A system
check for faults is accomplished 654 and if a system fault
35 is detected 656, the system reports the fault 658, program
control then returns to block 628.
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Stat-e of the art notor controllers provide for returning regenerated
power to wbd®4mesesgy St orage system of the vehicl e duringClresssnesrgnam c
braking. In vehicles 25 wth energy storage systens conprised of two or
nore types of storage devices having differing rates of charge and.

di scharge, the EMS, through the I/0O port, dftects the not or controller

to select the particular er stora t i.ch cei
t he regenergted energ%é %‘ fePic §8ﬁﬁu§lga%?§%§ggi ﬁh W@ P@gfk és
acconpl i shed by the (NMERIS okent r ol epremembgh tehesehnghlpghtedo nume i

text di spl ay, 1éﬁﬁefpedaﬁﬁg§9 é@%rak ”Eéx% %QHth@od?ﬁU 660 O:%éo

port 72. The accel erator e ortions
driver control s RFfevioigly desenipred Hel r%@\hl th BHfSerd sartfheﬁ-l nput s

made by thesdriver tOIPLttHEJTESCAPESkQ?aié pﬁ'@i&éd‘g r_thféemi@{:%r&e@éé&f's%ts
through a standard |/ O port he notor controller and brakes
i s the active menu to the menu above the present active menu
on the menu hierarchy list in block 662 as previously
described with respect to FIGS. 3, 4 and 5.
If the SCROLL and ENTER keys are depressed
10 simultaneously, the microcontroller sets the. active menu
as the EXPERT MODE menu as shown in block 664 and
previously described with respect to FIG. 3.
All other functions of the microcontroller are
initiated through the interrupt processor on a timed or
15 demand basis. Exemplary interrupt routines for the
microcontroller are shown in FIG. 7. The software timer
update interrupt routine occurs periodically as shown in
FIG. 7a. Upon receiving this interrupt, the
microcontroller determines if the speed sensor needs to be
20 enabled in block 710. The.speed sensor interrupt is
disabled in various other interrupt routines as will ‘be
described subsequently. If the speed sensor interrupt has
been disabled, the microcontroller enables the PTS speed
sensor interrupt 712 and enables the speed calculation
25 interrupt 714 to allow normal processing of speed
information for update of the display on the instrument
panel speedometer and odometers.
The wmicrocontroller next conducts the Analog to
Digital conversion of analog sensor data input in block
30 716. Results of the sensor inputs are stored in memory
block 718 to update the VEHICLE SYSTEM STATUS menu for
display upon demand as described with respect to FIG. 3.
Updated information is output to the instrument panel
displays by .the microcontroller in block 720. The
35 microcontroller then returns to the interrupt wait state.
Calculation of vehicle speed and distance traveled
for display on the speedometer and odometers of the
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-9-. 1 .- acconplished in a standard manner and will not be detail ed I n
this di 004633 The ot her driver controls conprise t RCE/HBI/ 26T 1 ol
buttons 42 previously referenced. In the enbodi ment shown in the

drawi ngs, these buttons conprise 5 a SCRQY4. key, an ENTER key, a NUMERIC
key and an ESCAPE or

1 instrument panel 1is accomplished employing interrupt
routines for speed calculation and the speed sensor PTS
interrupt as shown in FIGS. 7b and 7¢. In the present

embodiment, interrupt signals received from the IR

S detector of the speed sensor are accumulated and timed
based on a predetermined PTS count. As shown in FIG. 7b,
upon receiving an interrupt from the IR detector, the
microcontroller decrements the PTS count 722 and
determines if the PTS count is now 0 in block 724. If the

10 PTS count is 0, the PTS interrupt is disabled 726 to allow
a time speed calculation to occur in response to a speed
calculation interrupt. The time of the PTS interrupt from
the speed sensor is recorded 728 and stored for speed
calculation. A return is then executed from the interrupt

15 handler.

Speed calculation is accomplished upon receiving a
speed calculation interrupt as shown in FIG. 7c. Speed
calculation is accomplished by determination of the total
elapsed time for the PTS count cycle of the speed sensor

20 interrupts from the recorded time intervals in block 730.
The total odometer and trip odometer are updated in block
732 and 734 respectively and the PTS count is reset in
block 736 for initializing the speed sensor interrupt.
The speed calculation interrupt is disabled 738 to

25 preclude a speed calculation interrupt prior to
-initialization of the speed sensor PTS interrupts through
the software timer update interrupt routine as previously
described. A return from the interrupt handler is then
executed.

30 Data from the battery monitor module is received on
the serial port as previously described. Incoming data is
accepted through a serial port receive interrupt as
described in FIG. 7d. Data transmitted from the battery
monitor module is provided in a predefined format for

35 verification of valid data which is accomplished in block
740. If the data received is not valid as determined in
block 742, a tabulation of the number of errors is
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EXI T, key.. These key designations are used for easy under st andi ng by

those fa t h conmon conputer entry and may- enpl oyp
nanes |nrq<'11vj prefznr4r ed enbodi nent . Qut put to the text %@%&?@?ss

acconplished in a nenu 10 format. The menu hi erarchy enployed in the
present enbodi ment is shown in FIG 3a-8d 3b. Initialization of
t he systenlplaces the EMS microcontroller in the energy managenent
syst em checld | deARcreagntgdp| bek Brek 7$he Lfi ntheal nemkeyr aypfof exfrers

systemis the rraaet@eeedl @gniéége@lh&é 10N Q%‘téﬁn&nea In' BERKETLR, the
enbodi ment, the text display s a four line by twenty character ‘system

Normal |y t he eERRTsykE erh BB e30fn A 'LRSAISK péFt "exgayyedpdadom Thhe
node provides sigakerkupet handlereSPATs&Hed dunber®nd § Oérrors bei s Oeéached

operated in esponse o the various nus. The NI 20 no nit{iate
the driver oecrapreégl' nfne BIAEPEONCYOLLFE PP e ﬁ?é'Ofruﬁ@FPb‘ﬁb 508 Fﬁfﬁl e

to the driver intext display as shown in block 748 to notify the driver of
a battery monitor module failure.

If valid data is received from the battery monitor

module, a new "fuel" status is calculated in block 750 to

10 determine power remaining in the battery. Parameters for
the battery model are then updated in block 752 for use in
vehicle model calculations as previously described. The
error monitor flag is then reset to 0 in block 754. A
determination is made in block 756 if an updated message

15 to the EMS display is required. For example, if the menu
on the display is the vehicle on charge menu as previously
described with respect to FIG. 3, a change in the battery
status would be reflected on the menu. The
microcontroller alters the display message as shown in

20 block 758, if required, and the interrupt handler is reset
in block 760 for return to the wait mode.

The software timer clock interrupt is accomplished as
shown in FIG. 7e to accomplish updating of the system
clock 762 and transfer of any battery management system

25 data to the battery monitor module through the serial
port. As previously described, the battery monitor module
in the present ‘embodiment is a self-contained unit,
consequently, data is provided in a packet format executed
by the microcontroller as shown in block 764. An example

30 of data transmissions of this type would be associated
with charging of the battery wherein control of the
charging current and voltage by the battery monitor module
is accomplished to charge the battery according to the
desired charging algorithm as previously described.

35 Upon completion of the software timer clock
interrupt, the microcontroller returns to the wait state

from the interrupt handler.
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the N .node are predict range, nenorize trip, select driving node,

di spl ay wehp4i@304t at us and charge battery. These-functi OPGT/E83/12678vi ded
i n°separate nmenus identified 25 in blocks 314, 316, 318 and 320;
respectively. If the driver depressg; two control buttons

simul taneously, the EMS initiates an "expert™ (E) node whi ch provi des

addi ti onal re conpl f tions of _ t e J
EXPERT I\/CDE%nu reprgg’?eént ggg £ Joﬁ)}{blnl?tf%gpaflgkh éfhgggrix\ilrgr raaox;rl@ator
reconfigure the ByStem pgyasrtl@m%)fug@helrngxm@dtepinﬁaanbiélét:}z fepreffitimhtas

BN ol oDk @i ANCLENBRGE dibe 5Pl Gunl ERL 1 NG 3B BN byt ol 00K

326 which allows a change of | angua | oyed I"ay” and

the units enpl oySYhERS |’~'§PP$)? %?‘Fl@?e 51nb -Ehe PEIVSné:yé‘loem‘lari’e’iGm@;ﬂ &5
A CHANGE BAETERYYWRBER pro¥Eld &PRseilask i 1@@&1«}281%1@&@.3@ hesedidater

to change thea%%%tegxrgg%egeor change the c ing algorithmfor the

, gment x“and y coor inates, street segment
end addresses and assumed street segment speeds for a
given mapped area. The basic purpose of a navigator is to
provide an optimum route to be driven based on a starting

10 point and a destination point. The present embodiment

- adds to the navigator database street segment grade and

direction of grade, stop sign and traffic light locations

and location of charging stations for electric vehicles.

Associated with the traffic light data is a probability of

15 a green light for each direction of traffic in the control

intersection. Dynamic information on traffic congestion

for given street segments is provided through a  radio
interface.

FIG. 8 provides a basic block diagram of the

20 interface between the navigator and EMS. The navigator
810 is a self-contained system employing a database 812
having the characteristics previously described and a
radio interface 814. The navigator incorporates a
calculation engine 816 for determining routes between an

25 entered beginning point and a desired destination point.
A standard serial port interface 818 employing RS232 or
other standard communication protocol connects the
navigator to the EMS. A third serial port 88 as shown in

' FIG. 2 is employed by the microcontroller for

30 communication with the navigation system.

In operation, the driver provides present position
and destination information to the navigator system. The
navigator selects several time efficient routes using
normal processing models, as described in the prior art.

35 These routes are likely to be the most'energy efficient,
however, iteration between the navigator and EMS is
required for optimizing energy efficiency of the route.
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REPLACEMENT SHEET -10- 1  battery as

previ ouslywodadaesosbed. The final menu avail abl e I n t he pefagos/ 1p@ge | S
t he* MEMORI ZE TRIP nenu identified in bl ock 330 which allows the EMS to
menori ze the energy consunption of a fggquently enpl oyed driving path

for_the 5 vehj cl e.

1 The data information for the route selected by the
navigator is communicated to the EMS over the serial link.
A protocol of thé present embodiment provides for
transmission of each street segment in following format:

5 Send start of segment character {e.g., "S"); send length
of segment (e.g., xx miles); send indication of stop at
start of segment (e.g., "X"); send grade of segment (e.g.,
xx%); send direction of grade (e.g., "U" or "D" for up or
down); send nominal speed of segment (e.g., xx

10 miles/hour); and, send end of message character (e.gqg.,
"Em). The energy usage for the individual segment is
calculated by the EMS employing the wvehicle model and
standard prediction algorithms previously described. For
example, if the segment is an upward grade, with an

15 average speed of 30 mph, the processing algorithm for the
“uphill at xx mph" previously described with regard to the
predict range menu is employed. A start or stop on the
segment is accommodated by the EMS through a calculation
scheme defining a predetermined acceleration or

20 deceleration based on the nominal speed of the segment.
For example, if the average speed of the segment is low,
acceleration of .1 g is employed, while if average speed
of the segment is high, an acceleration of .25 g is
employed. Stopping at a constant deceleration of .5 g is

25 employed.

' The EMS will calculate the energy consumption as
watt-hours for the entire trip defined by the navigator
segment by segment. If the trip can be made on the energy
available in the battery pack, the EMS reports the energy

30 consumption for the trip. The navigator and EMS iterate
with regard to the other candidate routes for optimizing
the energy usage.

If the energy required for the trip will exceed the
available battery energy, the EMS identifies to the

35 navigator the street segment indicatin§ where the vehicle
will "run out" of energy. The navigator will then employ
an alternate route scheme for identifying a destination
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The. vari:ous nenus of the system are sel ected by pushi ng t he SCROLL
but t on uWOI%4/16H¥ function of choice appears fol |l owed H&WU%%Y‘H@"& he
ENTER button. Once a nenu is selected, the various functions of the
menu are 10 sel ected enploying the SCROLLskutton foll owed by pressing

the, ENTER button at the desired function to confirmthe sel ection. For
various functi omithaa eplahrginiss spa@ibdetith a LowkhRemilb¥ge rBghibeehmp of

o A ar ound T asKFGR L5 SeRBF XS IR IOV C byt ¢ SFLCUMAC IESCPE (8 | <
provi ded f aouttlee doi vehet ocligy@ing neyutisel ectiichn verfi€tivag ilon t be
next hi gher nenu_l evel.. he functions. of th as sel ected f.rom
the menus wil | ﬁ&ﬁfﬁglagsggkihé.rOUte with ?h%ﬁggg%FETeﬁﬁﬁéﬁ HBRGURREF O
sel ect ed proovi deslcala@ioseniseacobmphdsbed. Caleuvdbtioounfl at raxtaplirbm
"stop and 90he chADELAB! sTREEERURR bheabr¥ iR desEPRSL A0L $BCEHen
accomplished by the navigator. Calculation of this route
requires input by the driver for the charging time to be
employed at the charging station. Calculation of the
10 energy level in the battery after the proposed charging is
accomplished using the battery model as previously
described.
Operation of the EMS in the "performance" mode allows
elimination of iteration on the routes selected by the
15 navigator and the most time efficient route selected by
the navigator is employed for calculation of capability
for the vehicle to accomplish the route on the given
energy charge in the battery.
FIGs. 9a and %b are flow diagrams describing the
20 hand-shake operation between the EMS and navigator systems
in the electric vehicle. As shown in FIG. %a, upon entry
by the driver of a present position and destination point,
the navigator establishes a candidate route as shown in
block 910. The navigator sends a ready-to-transmit signal
25 to the EMS 912 which is received by the EMS in block 914
of FIG. 9b. The EMS responds by sending a ready-to-
receive signal 916 which is received by the navigator in
block 918 of FIG. %a. The navigator proceeds to send
route information 920 on a segment-by-segment basis to the
30 EMS which receives the route information 922 and runs the
‘vehicle model 924 to establish energy usage. The EMS
determines if sufficient energy is remaining to complete
the route proposed by the navigator. If sufficient energy
remains an energy consumed value is provided to the
35 navigator in block 928 which is received as a response by
the navigator in block 930. If sufficient energy does not
remain in the battery pack, the EMS provides a painter to
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downhi |l at xx nph," "constant speed up and down at xX nph" and any one

of upt nori zed trips. The program f or mat of S
shewn |ﬁNQ' ?ﬁﬁ? The 25 driver uses the scroll button tobggﬁgggﬂ?ﬂ% type
of driving profile which he desires. Once the proper profile S

di spl ayed, he pushes the enter button to coh®trmthe sel ection. As an
exanple, if the driver chooses "stop and go" the EMS enpl oys the

vehi cl e nodel f S/ tYRSROMMFCESSIOL (FRuEe | @ﬁs@e@rtofﬂ?e psevidedp amdthe"
condi tions fromreRgonse WBAthhé'h%ﬁD%a@BQ g0 GsHuH b@ﬂ%l@%tl%rﬁﬁalfoyeﬂel n
t he present ., S¥Ften1|s represent ed by the S“gp kfle eder al bg
Driving Oycle (SPUBSRCtdoDohroreshi Ehei & ghe navigptgre XhepEM

format of the daéauu:e.euwfoechdamdim Eﬁﬁstﬁuaﬁtleaabcwaate remg eih f ormet Loer
power as a function of .tine

as_a functian of ti fOi|OM/

Phat of the SFUBBRCEnipec SHRRAY | nEOREFPEEPRG FrovIRIMEaT T Te 21aot
Thi s successful route segment received by the nav1gat0r is
analyzed in block 936. If sufficient energy is available

for the route, additional candidate routes are evaluated

and a selection of the most energy efficient route is made

10 by the navigator software in block 938. 1If insufficient

. energy is available for any of the chosen routes, the

navigator establishes a route to a charger station nearest

the 1last successful route segment and employing the

charger location as an initial position calculates routes

15 to the desired destination based on driver input as to

charging time in block 940. The final route is then
communicated to the driver by the navigator in block 942.
Table 1
Coded into the program:
20 min speed = 20
max speed = 80
menu (1,0) = "LEVEL AT" menu (2,0} = "ECONOMY"
(1,1) = "STOP AND GO" (2,1) = "PERFORMANCE"
(1,2) = "UP HILL AT"
(1,3) = "DOWN HILL AT"
25 (1,4) = "UP AND DOWN AT"
(1,5) = "MEMORIZE TRIP #"
(1,6) = "NAVIGATOR PREDICTION"
length (1) = 7
(3) =1
39 Set by default or previous driver interaction:
Speed = 30
Units = "MPH"
Memorized trips = 3
35
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drivi ng

second Jl“ﬁ?éf\}&’f

i nformati on,

cycle

step and subtracts 5

the

1

10

15

20

25

30

35

I's represented by a serie
over a driving tinme of
t he vehi cl e nodel

cal cul ates the power
t he energy used at eachBISt ep fromthat available in

TABLE 2

From thi

- Ve'OC'ﬁéfﬁmﬁﬁuﬁne

si X m nut es.

required at each

Simplified FUDS (SFUDS) with velecity slightly changed

.000000E+00
.000000E+00
UOLLLLEHDO
.000000E+00
.111000E+02
.169000E+02
.208000E+02
:240000E+02
275000E+02
.340000E+02
.388000E+02
.320000E+02
.171000E+02
.000000E+00
.000000E+00
.000000E+00
.111000E+02
.16S000E+02

" 208000E+02

.240000E+02
.275000E+02
.340000E+02
.388000E+02
.320000E+02
.171000E+02
.000C00E+00
.000000E+00
.00C000L: +00
.111000E+02
.169000E+02
.208000E+02
.240000E+02
.2750000102
.340000E+02
.388000E+02
.320000E+02
.171000E+0Q2
.O00000E+00
.000000E+00
.000000E+00
.111000E+02
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cycle time including rest, (s), TC=
rest time at end of cycle, (s), TREST = 0
s-by-s velocity, (kmvh), for TC-TREST s

.000000E+00
.000000E+C0
.QU0000E+00
.240000E+01
J22000E4+02
.179000E+02
.214000E+02
.245000E+02
.290000E+02

.351000E+02.

.396000E+02
.301000E+02
.114000E+02
.000000E+00
.000000E+00
.240000E+01
.122000E+02
.179000E+02
.214000E+02
.245000E+02

.290000E+02 .

.351000E+02
.396000E+02
.301000E+02

.114000E+02 -

.000000E+00
.000000E+00
.240000C 101
.122000E+02
.179000E+02
.214000E+02
.245000E+02
290000102
.351000E+02
.396000E+02
.301000E+02
.114000E+02
.000000E+00
.000000E+00
.240000E+01
.122000E+02

360

.000000E+00
.000000E+00
.000000E+00
.480000E+01

134000E+02
.187000E+02
.220000E+02
.249000E+U2
.303000E+02
.360000E+02
.378000E+02
.277000E+02
.580000E+01
.000000E+00
.000000E+00
.480000E+01
.134000E+02
.187000E+02
.220000E+02
.249000E+02
.303000E+02
.360000E+02
.378000E+02
.277000E+02
.580000E+01
.000000E-+00
.000000E+00
480000101
.134000E+02
.187000E+02
.220000E+02
.249000E+02
.303000L 102
.360000E+02
.378000E+02
.277000E+02
.580000E+01
.O00000E~+00
.000000E+00
.480000E+01
.134000E+02

L000000E+00
.000000E+00
.000000E+00
“720000E+0]
.146000E+02
.195000E+02
227000E+02
256000E+HI2
315000E+02
370000F+02
.359000E+02
253000E+02
200000E+00
.000000E+00
.000000E+00
.720000E+01
.146000E+02
{195000E-+02
227000E+02
256000E+02
315000E+02
:370000E+02
.359000E+02
253000E+02
200000E+00
.000000E+00
.000000E+00
.72000QE 101
.146000E+02
.195000E+02
227000E+02
256000E+02
315000E+02
370000E+02
359000E+02
253000E+02
200000E+00
.000000E+00
.000000E+00
“720000E+01
.146000E+02

.000000E+C0
.000000E+00
.000000E+00
.970000E+01
.158000E+02
.201000E+02
.233000E+02
261000E+02
.328000E+02

37000F+02

341000E+02
227000E+02
.000000E+00
.000000E+00
.000000E+00
970000E+01
.158000E+02
201000E+02
233000E+02
261000E+02
.328000E+02
.378000E+02
.341000E+02
227000E+02
(000000E~+00
.000000E+00
.000000E=+00
970000101
.158000E+02
201000E+02
233000E+02
.261000E+02
328000E+02
378000E+02
:341000E+02
:227000E+02
‘000000E+00
.000000E+00
.000000E+00
.970000E+01
.158000E+02
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battery pack as cal cul ated using the battery node
itial
fal
cont i nues to run the 10
consecutively until
battery pack would no |onger be able to

assui hg and i
throughqﬁ'

cycle

port from

step. The di stance cover ed169000EdA2 st1gg0PQE+02
range is that covered at t.ReSODOEHA2t .2346CREI2ul 220PE+TRI L27OGAE+0At i.23B008EH)2

reported to the

conditions is xxx mles.

RANGE nenu,
nmenorized trip,g

from t he ROM
state defined to the m cr o- cont r ol PET/USII/ 26 EMS
the battery nonitor nodul e. The EMS
stop and go steps repeating the six mnute
the cal cul at edygnergy remaining in the
rovide the power for the next
48 2edS5AQPEHE r2QHO0BH0Z

dri ver .240000Ee-02li 4500002 r 2490008R0Rr , 2360¢0Ex0d 926 1000E~02

.266000E+02 | f270bs0EG2v en78mIogchSs fr7e00dH@2PRESIOCIE-02

all ow the EMS to make a raig%\ggé
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15

20

25

30

35

.621000E+02
T0R000FE+02

.766000E+02
.814000E+02
.855000E+02
.847000E+02
.774000E+02
.703000E+02
.650000E+02
.661000E+02
.671000E+02
.679000E+02
.687000E+02
.694000E+02
.698000E+02
.645000E+02
.576000E+02
.502000E+02
.423000E+02
.333000E+02
.216000E+02
.000000E+00
.000000E+00
.0C0000E+00

"3‘1360
Ctd1 9800592
644000E+02
721000E+02
“777000E+02
824000E+02
863000E+U2
832000E+02
760000E-+02
.689000E+02
(653000E+02
663000E+02
673000E+02
681000E+02
689000E+02
{695000E+02
,700C00E+02
632000E+02
.562000E+02
438000E-+02
.406000E+02
312000E+02
182000E+02
‘000000E+00
‘000000E-+00
{000000E+00

any of thesgidtRE+6R0iw8600midN Qb%ﬁ%

t he speed
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.543000E+02
.666000E+02
.732000E+02
.78 TO00E+02
.832000E+02
¥OBU0UEHIZ
.818000E+02

T45000F+H2

.676000E+02
.655000E+02
.665000E+02
.674000E+02
.682000E+02
.689000E+02
.695000E+02
.687000E+02
.618000E+02
.547000E+02
.472000E+02
.388000E+02
.291000E+02
.142000E+02
.O00000E+00
.00G000E+00
.O00000E+00

Pt Izeno6YE-loRe  FEU000E~02
Yol %07000Ed-0b"e£47t080E—0ﬂ
.571000E+02
.681000E+02
744000E+02
.797000E+02
'340000E+02
_$75000E+02
.803000E+02
“731000E+02
.663000E+02
.657000E+02
668000E+02
.676000E+02
684000E+02
.690000E+02
.697000E+02
.673000E+02
L604000E+02
.533000E+02
.457000E+02
370000E+02
267000E+02
930000E+01
.000000E+00
.000000E-+00
.000000E-+00

.597000E+0z
.G9500CE+0:
.755000E+0z
.806000E+02
.848000E+02
.861000E+02
.789000E+02
.718000E+02
.649000E+02
.660000E+02
669UUUE+V2
.678000E+0z
.686000E+02
.692000E+0z
.698000E+02
.660000E+02
.591000E+02
.518000E+0z
441000E+02
.352000E+0:
.243000E+0z
.450000E+0!]
.000000E+0(
.000000E+0(
.000000E+0(
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exanmpl e, 1 f the driver has selected on the nenu "constant
downhi | Iwé?‘”}(@?%ﬁ‘ph, " the nuneric key is pressed by t he 5??@&?9?2378(:hange

the’ desired speed. In the present 25 enbodiment as identified in the
progranm ng application of Table 1, a 43 num speed of 20nph and a

maxd, mum speed -of 80 nph is enployed. The initial speed displayed in the
menu may start w th Haseéehgul howaldesoxridhed 38hephinegntien in | dstasheests

val ue enpl oyed Dy, g; 58heRl! 9Re0Rate EMRa 3 T G571 SAG MU GUIILAD
woul d i ncrenent e speed- by, or example,” five mTes per "hour Tor ‘each
button push to willt ireqaonigen poddfieatibilonsspard substiitmtiions the ithsut

wraps to the '%\ﬁﬁ&d§1ﬁ§ﬁ€ e?lgsclaggah-hé@@fh.the gﬁEMermodifP@étﬂieéigs'v'[B mﬁqﬁen

speed desired on disp é“ the enter button Is 35 pressed and t
enpl oys thé vehFePethBHELORg are pwaghdn theer &fgPe | and hildtease, of heHsower
calculation is jnveR8$6f 88 defeRelanh e¥RAifllQRbwiltCR1iainderived froma

10
15
20
25

30
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-12- 1 matri x of power required for the given profile and speed

sel'ect ed. ' The battery nodel and vehicl e nmedel--enployed in_the
present system are based on the electric vehicle batter
appl i cati on program DI ANE di sclosed in the ’mm ”mﬁ"ﬂmﬂm
-34- * c L M s *
_Claims

1. An energy management system, for vehicles

employing a limited énergy storage system, comprising:

means for receiving power. status data from the
energy storage systen;

means for storing a plurality of predetermined
driving profiles;

selection means for selection by the driver of
one of said driving profiles;

calculation means connected to the receiving
means and storage means for calculating range for the
limited energy storage system based on the selected
driving profile; and,

output means to display the range calculation to

the driver.

2. An energy management system as defined in claim
1 wherein the driving profiles include predetermined data
for standard driving cycles.

3. An energy management system, for vehicles
employing a limited energy storage system, comprising:

means for receiving power status data from the energy
storage system;

means for storing a plurality of predetermined
driving profiles including data supplied by a vehicle
navigator for route segments between a present position
and a desired destination;

. selection means for selection by the driver of one of

said driving profiles;

calculation means connected to the receiving means
and storage means for calculating range for the limited
energy storage. system based on the selected driving
profile; and

output means to display the range calculation to the

driver.
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paper: entitled: Users Guide to DI ANE Version 2.L.M.MA—~m-»NIer9—anputer

Sof twar e Package for Modeling Battery Perforna ehicl e
Appli cations, by W W Marr, W J. Wl sh and P l“&lmﬂgﬂ I 1990,
publ i shed 10 by the Energy Systens Di vi si on of the t1ena
Labqratory. The vehicle nodel provided in #ppendi x A of t he paper as
modi fied for the present systemis disclosed in Appendix Ato this
appl i cation. Data enpfoyediP eRexgY marmggement sygdemas: fefppedehp claim
enbadi ment are i pclru@detheds démp | KeaBst Cfdﬂmsta@ﬂhgcawe@a_;y stériﬂ e

result of the s cal Cé,” atlo % gkls based_on the veh

The'C 2l et casprb £e Blg i frgh, ENG, BRRE TN AR REaE BE' & FRGCHIoR

constant speed obfxsdmgplandowhbrelinithedriviilmes profiles includehmemor ized
| ects f th | 2 f t t

el cul at 1 on madeShe o tora e ERLen lnap06 BonclRpTIEN B dedea 'Y

consunpti on verstike energy storage system status data storage means.

5. An energy management system as defined in clainm

1 wherein the limited energy storage system comprises a

battery, further comprising controllable means for

- charging the battery and wherein the calculation means

includes means for determining a battery charging profile

based on the energy storage system status data and means

for controlling the battery charging means to match the
charging profile.

6. An energy management system as defined in claim
1 wherein the output means comprises a menu-driven display
and the selection means comprises interactive selection

keys for the menu.

7. An energy management system as defined in claim
1 further comprising:

a plurality of vehicle subsystem sensors -for
determining subsystem status and a second plurality of
environmental sensors for receiving data on perimeters
effecting energy consumption by the vehicle said subsystem
sensors and environmental sensors connected to the
calculation means and wherein the calculation means
includes means for comparing inputs from said subsystem
sensors and said environmental sensors for detection of
inefficient energy consumption through inconsistency
between one of said subsystém sensors and one of said
environmental sensors and means for displaying on the
output means such detected inefficient energy consumption.
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Pre—

tipge as input to the vehicle mathematical nodel. After cal cul ati on,
the reSuItlng di spl ay based on the eX|st|ng battery charge woul d be
"trip nunber x ca Hﬂlﬂimﬂlllum completed z tines with yyy niles
reffai ning" This f use of the EMS systemfor a standard
conmut e allomnng the dri ver erX|b|I|t1 ig. sel ecting charging times
for, the vehicle. A fl ow di agram of exenplary programm ng for
operat ion 30 of the EM5 i aut hgnhBREY qameHQHUSY§t§QOV@sI rugf§$ed4aln
and 4b. Data fornats for this progiam sequéence are the I'isting
provi ded in Tabl € ElmTﬁeq§%§Qﬁ%nﬁ%®@r%ﬁ%n9 cﬁﬁﬁﬁﬂ%ﬂm?aﬁﬁffﬁﬁmf%ﬁ??%&ﬁg
text display as sappBlen §mMsﬁ§£hms an wherbéw byhetfmarbmyitlon mé¥ns
EMS n1crocontro|k g itors the_dri é g &Z troI utt ns to
det er ni ne U EBRE, SPmBEf'FSE R&8"Be ﬁer et SPEEOndLSRs
shown by the decrequnbhuektélﬁetebtedoeharggn1na§fb@anncy.

9. An energy management system as defined in claim
1 wherein the 1limited energy storage system comprises
multiple storage elements with differing rates of charge
and discharge, further comprising means for controllably
directing regenerated energy from braking of the vehicle
to a selected one of the storage elements and wherein the
calculation means includes means for controlling the
directing means.

10. An énergy management system for vehicles having
limited energy storage comprising: '

a plurality of vehicle subsystem sensors for
determining subsystem status and a second plurality of
environmental sensors receiving data on parémeters
affecting energy consumption by the vehicle;

a calculation means for comparing inputs from said
subsystem sensors and said environmental sensors for
detection of inefficient energy consumption through
inconsistency between one of said subsystem sensors and
one of said environmental sensors; and

means for a signal output responsive to detection of
inefficient energy consumption.

11. An energy management system as defined in claim
10 wherein the signal output means is interactive with a
driver of the vehicle and comprises a display means
connected to the calculation means for display of
information concerning said inefficient energy consumption
and recommendations to rectify the inefficient energy
consumption.
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1 pressed, the EMS sets the node of operation to the non- expert

- 3

(Nf) ‘ndde for operation in block 413, bl anks t he di splay 414, and
enters a-- wait routine for 416 for button sensing. Returning to the
deci sion block 412 if a

-7 -

12. An energy management system as defined in claim
10 wherein the reacting means signal output means
comprises means for directly <controlling vehicle
subsystems, said controlling means responsive to said

calculation means.

TLCLLs
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5 , button has been pressed, the mcrocontroller determnes if t he
ESCAPE key has been pressed, block 418. |If so, the programreturns to
bl ock 412, setting the systemto the N node. I f the ESCAPE key is
not the key pressed, the m crocontrol ler determnes if the SCROLL key
has, been 10 pressed in block 420. If the SCROLL key has been
depressed, the mcrocontroller noves to display the next menu as
identified in bENSERGI1IMANAGEMEN® SUBLEM RQY VEEICLES rAVING LIMIFERsed, the
EMS, determines if the NUMERI C key SgP@Acgcpr essed in bl ock 424. The
NUMERI C key has no 15 significancgn?%e?ﬁﬁs neﬁﬁ pattern and if the nuneric
key has babgst¥agtessed, control is returned to block 412 as if no

button had been prg@paefinetfytMenddment @g@t%%dcbﬁp&haes an RYI&ER K&wyic by
default the program proceeds to bl ock 42 and sets the paraneters i and
j=0. The ni cr BEBHLLo Y0 WP { FRECTRIALRR %h@lSEPGPFEH%éﬁgs RRdéfti%ied in

Table 1 in  calculation engine and means for controlling various
systems of an electric vehicle or other vehicle having
limited energy storage. A variety of sensors including
battery sensors 18, temperature sensor 20, current sensor
22, temperature sensors 24, 26, 28, 30, speed sensor 32,
accelerometer 34, and ignition switch 36 provide
information for the Enefgy Management System to derive
control parameters for the systems. Automatic control of
heating and air conditioning system 56, external lighting
system 58 and the operation of motor controller 54 as well
as display of information, status and queries to the
driver are controlled by the Energy Management System and
range and navigation recommendations are made based on
predefined driving profiles maintained in the system.

wp UPA-10.FL\A:\25264.PCT
DGF 942.1-%-02/05/96 4:57pm
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the formof menu (1,i) and appends the speed and units or t he tg*@
nunber 3go9[¢sw4i N bl ock 428. For exanple, if t he nenJ“HKPﬁPQF s at
menu(l,2) the display will show "uphill at xx nph." If, however, the
nenu pointer is at 25 nenu(1,5) the Hilplay will show "nenorize trip #

x. " After displaying the nmenu, the controller enters decision bl ock
430. If the second index of the menu pointer equals one, the
m*crocontrol | er proceeds to deci sion bl ggks#32 to await a button press.
If no button is pressed within ten 30 the mcrocontroller returns
to entry point A at bl ock 41 | f has been pressed,

t he m crocontrol |l er determ he IS L key pressed in

deci sion block 434. If the S as |peercdepresse t he second

i ndex of the menu pointer i ?ed n 85 ||bl §ck 436 with a counter
operating nodulo 7. The cQun ulus, Renfgth , flox_the various

counters descri bed \\\\

n

S
e
o
= b
-

CHARGER &

DOUE
o)

RESERVE
ICONS

Y
DISPLAY

MOTOR
CONTROLLER |
Ve

Wl
™
Q.
(7]
%
W
~
J N
g |
4 ¥
a
7 Eg
° .
£ .
3 X ST
0 .
® o
20 cK e |
~ 22 =1 -3 3 IV £
x— e
530 N &8 235 N g
O 8 50
~ 8 Z| g4 3
% g e @) 98 b £=
g AN 83
& Wl s v
413 wn g
~ saﬁg 2|z,
N ELE v
a

. SENSOR
“\\
Driving Prefiles
Vehicle Status
- 7
52 //
/ e /
A
|y 5}(/ /
ACCELEROMETER
IGNITION
svaTcH

5w
¢ \X | BE
% o
~ -\ | &®
N (=
N ¢ g | /s s
. % ES2 S [ 9wy 52
-, cs>, — N N m
NI O i T
8SE || s z¢ || 552
2¥E || <3 | l=22g]|| SES
T =& || 822 | |3p22)| &

FHIS SHERT HAS aesxj
"~ REPLACED




are shown in Table 1. Upon incrementing of the nenu

REPLACEMmSTo4fileEoa T 1 index, the programreturns to enPE/USRYRE™® at
bl ock 428 to display the new nenu. If the SCROLL key was not the
button pressed, the m crocontroll er 266t i nues to decision bl ock 437 to
determne if the ENTER key was pressed. |f
< ' <75 . 2
VA 7/ V2
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5 the ENTER key was pressed, selecting the nenu having

/0843712618 equal

1, the dvov&telbhs sel ected the "stop and go” menu. In tcftll‘s case,

m crocontroller retrieves from ay t he vehicl e nodel and enploys the
SFUDS data as a driving profile to determne vehicle range as shown in
10 block 438. Upon conpletion of the cal culation, a display of "stop
and go range i's" acconpani ed by the result of the cal cul ation and the
appropriate units as shown in bLeckmw———44Q——+i_ne-further button is
pressed within ten seconds, r S to entry point A as
shown in block 15 442. . | f after gﬂ“ eenlglce?he stop and go answer the
ESCAPE key is pressed as detected i t he programreturns to
entry point B at block 428 to displ evi ous nenu. | f

t he ENTER key was not pressed, in block 436 the 20 programdetermnes if
t he ESCAPE key was pressed in block :
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445. |f the ESCAPE key was not pressed the only key renmain LS the
NUVERI C‘N@)P"m%‘h has no neani ng for t he Menu poi nt er O?C'E’U§§32%é]7io
nuneric input is required by ficklver. Consequently, control is
returned to block 25 432 to await 'an additional button press. [If the
ESCAPE key, has been pressed, the nenu pointer is reset to 0 and

cortrol of the programreturns to en C?OLE? Returning to

bl ock 430, if the second index of t p0|nter is 0, 2, 3, or 4,
additional entry for the 30 speed deS|red is required by the driver.
Cbnsequently, the mcrocontroller waits for a button push as identified
in block 446. |If a button push does not occur within ten seconds,
control of the programreturns to entry point A If a button is pushed
within ten seconds, the controller 35 determnes in block 448 if the
SCROLL key has been pressed and if so, increnments the nmenu pointer in
bl ock 450 and
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returns -to ent%% point B to display the next nenu. If the
SCROLL k&YOP¢168¢ pressed, the controller deternines if PCTASOERFER Kkey

has been pressed in block 452. |[f t§) ENTER key has been pressed, the
vehicle nodel is run using the - natrlx data for required power at the
d tiall
sp?f initially. — /B AV ’fﬂﬁ
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5 - displayed in the nenu as shown in block 454. Upon PCIOUY3AREBN Of

t he cal CYPMI16W4 t he sel ected driving profile and the range associ at ed
wi tsh that profile is di spl ayed as gghgwn in bl ock 456. For exanple, if
t he nmenu pointer was O providing the nmenu selection "level at xx 10
nph" the display will show "l evel at xx nph range is yy mles."

If *the ENTER key was not pre m crocontrol |l er
determ nes if the ESCAPE key was preséﬁ%igg 44$tnock 458. |If the ESCAPE
key was pressed, the nmenu 15 pointer is reset to O and the programreturns
to entry poi nt C. | f the ESCAPE key was not pressed by
default, the pressed key was the NUVERI C key resulting in increnmenting

of the numeric speed val ue as shown in o) 460. The 20 programthen
returns to entry point B and the display<o
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the given nenu pointer is again provided wth the i ncrenment ed
speed Vaivo®4/16304 Returning to block 430, if the second BGIdeSo38#56%8he
nmenu pointer equals 5 signifying sel ect/ gn of a nenorized 25 trip, the
programtranS| tions to entry point D ARG 4b. The m crocontroller
determnes if a button has been pressed in block 462 and if no button
i s, pressed within si xty seconds, the programreturns to entry point A
| f a button has been pressed, the mcrocontroller determnes 30 in

bl ock 464 if the ESCAPE key was pressed. |f the ESCAPE key was
pressed, programcontrol returns to entry point C If not, the program
determnes in block 466 if the NUMERI C key was pressed. If the

NUVERI C key was pressed, the menorized trip variable j is increnented
as shown in block 35 468. Increnenting.e77¢=i sHacconpl i shed with a counting
nodul us "nenorized trips" equal to the nunber of segnented

570,
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|l © mermory |ocations provided for nenorizing trip data
the progy@ouhésem returns to entry point B. ' | f the”%'g%g@g{??rol | er
determ nes that the ENTER key has been pressed in block 470 the

identified, nenorized 5 ‘trip presentsﬂrg t he di splay screen has been
sel ected by
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the driver and the m crocontroller calcul ates the power
the i denWiOf94el#38% i p as shown in bl ock 472.
the mcrocontroller

cakcul ati on,
calculation in the format 10
pF'us xx miles"
returns to entry point D all ow
trip information. Ret
i ndex 15

as shown in block 474.

j of the menu pointer equals 6,
exchange and interaction with a navigator systemin bl ock

nmmnz&ﬁnipnmmaj

required for

Upon conpl SGTESIBA2¢78e
pl ays the results of the

range is yy trips

Control of the programthen
ng additiona | cul ation of nenori zed
urni ng tfrﬁé% éh bl ock 430, if the second

provi de predictions of energy availability in the

routes defined by the navigator.

systeminteraction is 20 provi

ded in detaH

the EMS perforns a data

476 to
battery system for

Furt her description of the navigator
subsequently.

The
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sel ect eWc,h 41804 €CONONY, " or "performance" node for the pcEVBsIIM 2678
operation of the vehicle. Normally during driving, the driver is not

interacting with the EMS and therefone/B% the display is a E so as not

tosdi stract the driver. The EMS is continually noni tor| 1 Replaced
i nputs fromthé vehicle as pre g%ég ri I neffi ”l
usage by vehicle systens nonitor )yﬁﬁ%‘:E%%cjan be det

an exanple, if the mcrocontroller of the EMS receives 30 an input from

t he- ext ernal tenper nsor indicatin hi gh out si de tenperature and
an indication fro VM posi ti |

roll ed down, operation of the air co d|t|oner in attenpting to cool th
vehicle would be inefficient. In a direc conA/ format 35 as shown in
the drawi ngs for the present enbodi nent 23 HVAC systeigyy)ntrol | ed by

the EMS through the 1/0 port coul bl ed until the;vindows are
- ¢l osed. In /S THE
WL E BLAL K ST X7L/ -
* /&/I/7JA/ d«/ MENT ANe L
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-17- | addi ti on,

dri verwodafgsaage “roll

up W ndows."

(or alternatively) the EM5S may displa
In the e

to the

the draw ngs, external anal og sensors, such as the tenperature sensors
and 11/18
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5 accel eroneter, are provided to the m croprocessor throe¥1
mul ti pl'\¥ReSd/18dl og to Digital input port 74 as shown in %126’3
Standard controls for the HVAC and notor controller as exenplary
are provided through standard I/0O 12M8rts 76. 10 Sel ection of the
"performance”. node fromthe driving node nenu suppresses the EMS

noni toring of efficiency i nformati on and precludes display of energy
ef ficient nessages to the driver. As previously described,
selections in the SELECT DRIVING MODE nenu are 15 acconplished by
pushi ng the ENTER button fol |l owed by depressing the SCROLL button for
sel ecti on between the sub- menu LB . of/~" econony, " or "performance"
fol |l oned by pushi ng the ENTER button to confirmthe selection. In the
enbodi nent. of the present invention, the default driving 20 node is
"econony. "
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FI GS. Sawersd/16804are a fl ow di agram of progranmm ng assocPeTAPIFI68 ¢ he
SELECT DRI VI NG MODE nenu. The SELECT DRI VI NG MODE nmenu i s displayed on
the text display by the m crocontgj)/] ler shown in bl ock 510.
THe 25 microcontroller determnes if B‘Stton has been pressed as shown
i n<deci sion bl ock 512. If no button is pressed wi thin ten seconds,
the mcrocontroller places the system in the nonexpert node, blanks the
di splay and waits for a button press as previously described with
respect to FIG 30 4a. Simlarly, ?&/Eg n/Gr ocontrol l er determnes in

bl ock 514 that the ESCAPE key has eér/gr essed, exiting the SELECT
DRI VI NG MODE nenu, the mcrocontroller will return toits initial

state. If the SCROLL button has been pressed as shown in 35 bl ock
516, the next menu DI SPLAY VEH CLE STATUS wi || be di spl ayed as shown in
bl ock 518. If the NUMERI C key is
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depress d wn in block 520, the input is ignored

- %VO%Z“%@ the NUVERI C key has no neaning at this menBCTR}/12678 | f
by default t he ENTER key has been depggssed confirm ng the "sel ect
dipi ving node", decision by the driver, the second i ndex of the nmenory
poLnter is set-to 0 as shown in

<76 7d
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5 ~block 522 and the mcrocontroller displays the sub-nenu as shown

i n bl ockwddshezos The displays of the sub-nenu i dent i paEUSHO2618he
nmemu pointer having a first index 2 are shown in Table 2. The
m,crocontrol | er again senses a button push as 10 shown in block 526 and
déternlnes if the button pressed is ¥3é8SCROLL button as shown in bl ock

528. If the SCROLL button has been depressed, the nenu pointer is

i ncrenent ed as shown in block 530 and the new sub-nenu is displayed by
return through entry point X 15 If the SCROLL key was not
depressed, t he m crocontroller determnes if the ENTER key was

depr essed in block 530. Depressing the ENTER key confirns the
selection by the driver of the displayed sub-nenu and, as shown in

bl ock 534, if the second index of th nu poi nter equals 0, the
m crocontrol | er establishes the /Ej%g' 7%%
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driving node as "econony" defined in block 536. Wile if t he second

I ndex of the nmenu pointer equals 1, the m crocontrol |l er Se’hé’%&ﬁa

dri vi ngwmee14304 " per f or mance" as shown in bl ock 538. I1¥Ck E key
hgs been depressed 25 as shown in bl ock 540, the second index of the menu
pdinter is reset to 0 and the progre&ﬁﬁ*@turns to entry poi nt X

Tht DI SPLAY VEH CLE STATUS nenu allows the driver to exa

of the data inputs and outputs of the égg§$E For exanpl e, liﬁéﬁiﬁ?
DI SPLAY VEH CLE STATUS by pr essi n'g&%te-ﬁ R button would all E)%}Ja

di splay of inside air tenperature, out si de air t enperatur e,

not or tenperature, battery pack tenperature, contr

tenperature, instantaneous battery pack vol tage, 35 ¥nsyant aneous

battery pack current draw and any val ues cal cul ated by the”EMS from
t hese paraneters. —\\
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5  buttqp, The CHARGE BATTERY nenu allows the driver to_ inform
the EMS 3Y°t9ﬂ/é638%si red charging tine to allow optinum cﬁg‘lrﬂ'ﬁgﬂl%ﬁ"st he
baftery by the EMS for that tine. Fofg/18 exanple, if the driver is
rugning into the store for 10 groceriées and the vehicle is attached to a

chgrgi ng station at the store, the vehicle will only be on charge

forr a fewmnutes. If on the other hand, the driver has parked the
vehicle in his hone garage, it may be left for a nunber of hours. Sl ow
charging is easier on the battery 15 pack than fast charging.
Consequently, the EMS woul d direct different charging algorithns to be
used dependi ng upon the I ength of A‘Pfé.aégl able to charge. Invoking

t he CHARGE BATTERY function fromthe nmain nenu by pushing = ENTER
causes a pronpt of "charge battery for xx hours" to 20 appear. The

driver can nodify the nuneric val ue by
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pressing the NUMERI C button as described previously. The ENTER but ton

Is then pressed to establish the tine avai l able for charging to the
EMS. The EMS then sel ects an appropriate al gor *%qugﬁq?f
predet ermi ned hour 25 values and proceeds to char wakil e EIEL N t he
pr esent enbodi nent,. if a particular tinme is no{ éstablished by tlhe
driver through the use of this functign, the EMS will 3 1J6bdf® an
al gorithm based upon the optimum char gi ng ef fi¢i ency for the prdsent
state of the battery. 30. As shown in FIG 3a} subsSequent 10
establishing the. chargi ng procedure through thé CHARGE BATTERY nenu,
t he EMS provi des a VEH CLE ON CHARGE nmenu 332 for providing
i nformati on on the battery charging status. In addition, upon
conpleting the battery charging cycle, a CHARGE 35 COVPLETED nmenu 334 is
provided for notification of the driver of a charge and battery status
prior to reentering

10 ENERGY MANAGEMENT SYSTEM FOR VEHICLES HAVING LIMITED

ENERGY STORAGE
Field of the Invention

The Energy management sfstem of the present invention
‘relatéds genégglly to designs for range and performance
4 15 improvement ‘on modern vehicles hvaing alternative energy
storage systems of limited capacity. More particularly,
the invention provides for monitoring and assessment of
parameters for energy storage system status, vehicle
status and multiplé driving profiles for determining time,
20 mileage or location of energy system exhaustion, most
efficient routes to destination, alternative destinations
for reqhafging the energy system and efficiency

improvements for vehicle operation.

25 Backaground of the Invention

Environmental pollution is requiring the development
and implementation of alternatively powered vehicles to
supplement or replace present conventional internal
combustion powered passenger  vehicles. Recent

30 developments in the technology of electric and other
alternative energy vehicles allows performance of those
vehicles to approach that of internal combustion engine
powered vehicles in all areas with the exception of
driving range. Using electric vehicles as an example,

35 present battery technology limits the amount of onboard
energy storage avéilable for electric vehicles and the

likelihood that 1limited 1locations having recharging



the MAIN DI SPLAY menu. REPLACEMEN] SHEET

As previously described, the expert nenu functions entjerled-t hrough th
EXPERT nmenu 322 all ow nodification and control of the |E %3{ (1113 1999
t

11%

driver. The SET TIME nenu is sel f explanatory and all e driver t
update the EMS . -2-

1 facilities will be available in the near term requires
systems integrated in the vehicle to inform the driver of
battery status and driving range available or,
alternatively, destinations wfthin range of the vehicle.

5 Various battery management systems have been proposed
in the prior art to estimate the state of charge of the
vehicle battery and remaining vehicle range. Examples of
these systems are described in the paper by C.C. Chan and
K.C. Chu, "Intelligent Battery Management. System, "

10 presented at the Electric Vehicle Symposium 9, November
13-16, 1988 in Toronto, Ontario, Canada-and the SAE
technical paper by A.F. Burke, "Evaluation of State of
Charge Indicator Approaches for E.V.’s," presented at the
International Congress and Exposition of the SAE, Detroit,

15 Michigan, February 27-March 3, 1989. These systems are
typically very limited in the information provided to the
electric vehicle user.

For some time navigation systems have been under
development for use with ground vehicles. Exemplary of

20 the prior art in this field are U.S. Patent Nos. 4,926,336
to Yamada, 4,984,168 to Meukirchner, 4,992,997 to Nimura
et al. and 5,121,326 to Moroto et al. Information
provided by such prior art navigation systems can be of
particular use to electric vehicle operators, however,

25 supplementing of data and calculation routines of the
prior art navigators to incorporate information critical
for electric vehicle operation would allow use of a
navigation system to supply information to the electric
vehicle.operator for energy efficient route planning and

30 alternative route planning where insufficient range is
available from the battery pack in the vehicle.

The present invention combines and improves the prior
art systems to provide an energy management system for
optimum use of an electric vehicle by allowing the'driver

3s to select performance wmodes, driving profiles and

destinations while informing the driver of vehicle status,



5 systemwth current tine and date. The CHANGE DI SPLAY

REPLAGEMENT SHEET

sub- menus of SELECT LANGUAGE and SELECT UNI TS. The SELE
in the E node causes a series of | anguages to appear on
the display. The driver selects the desired | anguage f
EMS 10 displays by pressing the SCROLL bution and confirmn

CT LANGUAGE menu
> ht3q tre1998
Drj use on the
y the Choi c

with the ENTER button. The information on | anguage choi

be i s saved in

t he NVRAM Bnd tieengrhosenalagguageais routesedcapebilighangeddby eehiatler nat e

sel ection using e ; encCANGE P! SPLAY menu. Al'l nessages
the 15 various nmenu functions are encoded in all | anguages

These nessages are stored in the m crocontrol |l er

described in
avai |l abl e.
ROM The

SELECT UNI TS fQﬁﬁﬁﬂégﬁ(gfth% Invetitange di splay nmenu operates in the sane
manner as the unction to all Qw sel ection of English or

20 metric unit

10

15

20

25

30

35

s for Mi&spPagSerbr ERARNION stf e PP CGPleheto vehicles

employing limited energy strage systems including, but not
limited to, battery systems, inertial energy systems and
hybrid electric systems. The embodiment disclosed herein
employs a battery storage system. The electric vehicle
energy management system incorporates an electronics
module having a microcontroller for sensing, control and
calculation, and memory for maintaining driving profiles,
vehicle status'information and mathematical models for the
vehicle and battery systems. A battery sensor package
provides status information to the electronic module for
the battery voltage, temperature and current for use with
the battery model. Vehicle sensor inputs to the
electronic module include temperature inside the vehicle,
outside air temperature, temperature of the motor
controller, temperature of the motor, speed of the vehicle
and acceleration of the vehicle for use with the vehicle
model. A driver interface, which incorporates an
accelerator pedal and a brake pedal for motion control of
the vehicle and a plurality of control buttons for control
of the electronic module and a text display for output
from the module to the driver. Normal display functions
for safe operation of the vehicle, such as speedometer,
odometers and battery status are provided from the
electronic module, using standard analog or digital
displays in an instrument cluster on the vehicle
dashboard.

The microcontroller employs the data received from
the battery sensor inputs for range calculations based on
the battery model stored in the memory. The battery model
includes experimentally determined formulas or tables
describing the voltage and current relationship over the
range of allowable depths of discharge and the model of



Engl I sh systemw || display mles and mles per hour,

FEPLACENENT SYEE

display will display kilonmeters and kil ometers per ho Ha
CHANGE BATTERY MODEL and CHANGE CHARG NG 25 ALGORI THM fungt ifons are

provi ded to al | ow nodification of the numeric paranetdr$ Bot BHal®l% of
battery types, aging of the batteries,and other alterddjoperating
parameters . for the vehicle. %he final nmenu prjovided in the E
node is the MEMR ZB 34 pERIER %nHatteFP'éhifﬁ'@taJn@"dhécﬁﬁ

driver to nenori ze the energy consunption articufar trip which
will be accorrpT}P%h\é%lhbﬁl% pepet i %P‘&%r%’ézf‘%eft ot%ﬁl Orma th} QR E’E?‘bntb? t he
EMS for successdirdéyy aeaiplanshichg éﬂﬁic1encié’é e eXestirRg Batbery

charge. Upon sel ection of th%iSS rrem)(#‘I tlon ghe dlsglgéﬁshoms

"menorize trip-TRIHPRFSS10n and motqr, ﬁ6mﬁﬁu HBST{ RRS ERFERPHEE1 on,

the EM5S 5 load and temperature as well as losses due to rolling
friction, aerodynamics and hill climbing. The

microcontroller employs the vehicle model for range and
efficiency calculations based on the vehicle sensor
inputs. The driving profiles stored in the memory are

10 employed by the microcontroller for calculation of power
consumption based on "standardized" driving profiles, such
as stop and go, freeway cruising, and hill climbing, or
profiles obtained by memorizing the power consumption
history of trips unique to the driver of the vehicle. The

15 microcontroller provides calculation for the energy
management system to predict range of the electric vehicle
based on the driving prbfile and speed selected by the
driver through the driver interface.

In addition to the stored profiles, the energy

20 management system interfaces with a vehicle navigator
employing a database of street routes and other static and
dynamic navigation information for calculation of energy
efficient routes to a destination based on the vehicle
model and alternative routes to battery charging stations

25 if the battery condition does not allow sufficient range
to reach the desired destination.

The energy management system through its
microcontroller provides active control of vehicle systems
including the charging system for the battery pack,

30 internal and external 1lighting systems, heating,
ventilating and air conditioning systems for the vehicle

and the drive motor controller.

35



wi |l ask for an indication of when to start nenorizing
-21- 1 battery power consunption data. This is acconpl
di splaying "nenorizing trip nunber x" and, on the next
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cause the EM5 to begin 5 mefori zi ng energy gohsunption.

Brief Description of the Drawings

The present invention 1s bést understood with
reference to the following drawings and accompanying
detailed description wherein

FIG. 1 is a block diagram of the generalized energy
management system and the systems and sensors interféced
to the EMS.

FIG. 2 is a schematic of an embodiment of the energy
management system employing a sténdard microcontroller.

FIGS. 3a and 3b are a block diagram of the menu
hierarchy for the text display of the driver interface
from the energy management system.

FIGS. 4a and 4b are a flow diagram for range
prediction by the energy management system.

FIGS. 5a and 5b are a flow diagram for selection of
the driving mode. |

FIGS. 6a and 6b are a flow diagram of the general
control program for the energy management system
microcontroller.

FIGS. 7a and 7b are flow diagrams of the interrupt
driven data input and output from the vehicle sensors,
battery system sensors and displays.

FIG. 8 is a block diagram of the energy management
system interface with the vehicle navigation system.

FIG. 9a is a flow diagram of the energy management
system interface with the navigator.

FIG. 9b is a flow diagram of the navigator interface

with the energy management system.



power. drain by the vehicle is sanpled periodically (in thg plessAim—
enbodi nent, once per second). This power requi mﬁCEM{N{aSHEET h
a table along with the anmount of time this amount of

required. The power is 10 determ ned by nonitoring the atiﬁrﬁ gafggg
current and vol tage and cal culating a product of the j nstant W o]

val ues. Once the enter button is péeshed and the Loeoorizati.on i
in progress,  the mord ‘'start” is replaced on the disp] ay by t he word
"stop" indi caPeks Dgsge erc@fichie Inpentdion the E -ttt
cause the ”E”ﬁé'fé%frhﬁa tQOSt Qﬂe déa\(:%!_;@t i op1@N thissPReeSTHS
acconplished if the trip nunber x has already been nennrlzed I f the

driver sel ect E81ehaPPERER REMNE ensrgy maneggmeagsﬁm%%gmtfﬁﬁs thfe the i ver
wi shes to repkaeas thasad 1ﬂ1;5i.fx@é Wact:é@li’lrcplfl%\d eyt mmeRputed Ritiver

Lpfgrnat%pn fo ntérfste . anérI sp1£9 t E? %: veg c?ISplaMmipog%er'}PlaCIng
management system electronic module 10 incorporates a
micro-controller 12 as a calculation engine and means for
controlling the various systems of the electric vehicle.
In the embodiment shown in the drawings, an Iﬁtel Model

10 196KR processor is employed. The Memory systems,
including a nonvolatile random access memory (NVRAM) 14
and a read only memory (ROM) 16 provide data storage for
the microcontroller. As will be discussed in greater
detail subsequently, data for driving profiles, vehicle

15 status and operational models including a battery model
and vehicle model are stored in the memory. Those skilled
in the art will ©recognize that various memory
configurations and combinations may be employed.

The EMS receives inputs from a variety of sensors.

20 Battery sensors including a battery pack voltage sensor
18, a battery pack temperature sensor 20 and a battery
pack current sensor 22, provide information on the battery
for use by the EMS. Various vehicle sensor inputs
including an inside air temperature sensor 24,.an outside

25 air temperature sensor 26, a motor controller temperature
sensor 28, a motor temperature sensor 30, a speed sensor
32 and accelerometer 34 and an ignition switch 36 provide
data input to the EMS for the various vehicle systems.
The designation “ignition switch" is used for easy

30 understanding by drivers of internal combustion engine
vehicles and comprises an on-off switch enabling the
operation of the electric vehicle.

The driver interface to the EMS comprises a standard
accelerator pedal 38 and brake pedal 40 for direct control

35 of the vehicle. In the present embodiment, a series of
four control buttons 42 are employed for control of the
EMS system in response to menus displayed for the driver



nunber x" along with the start or stop indications. In REPLN;E
enbodi nent, up to nine trips can be nenori zed. Whenevet a trip is
menorized, the resulting data table of 25 energy consunptii gng _ﬂll_dm
range prediction wthout requiring cal cul ati on basqd jon the vehicl
nodel . Since t he energy consunption f-or- the tripis glr Y KNnown,
prediction is acconplished by subtracting the energy onsunptj on fro »
the avail abl e ©Reragytexr thesmlay ety padke3garionseaehtrphebstepnsf anke
table. = The takyldy NGEELTBRI AG che f¥indd2gBPAEZEC L LA Rhd Erl! 9%%@ in

t he NVRAM Limitations ont e nunb stored trips is inpose
nenory size. be descrpbedi 8 gregher odefachFyRsiequsdtdier ati ng syst em of

35 the nicrocontrol@er algbﬁapéecscertthé RHERELEOHE A e QW iR veniBRES.  6a
and b and 7a-e. The mcrocontroller for the present enbodi nment

|nltlatesS%perﬁfﬁoﬁomffﬂl%¢%9§1éﬁﬁrgﬁ%tIUCludlng a standard speedometer

46, trip and continuous odometers 48, a fuel gauge 50 and

charge and reserve icons 52. The fuel gauge provides a
visual indication of charge remaining in the battery and
is again analogized for familiarity to a "fuel" gauge in
10 an internal combustion vehicle. The charge and reserve
icons inform the driver of connection of the electric
vehicle to a charger for recharging of the batteries and
operation of the battery in a reserve mode for very
limited distance travel with the battery in an essentially
15 depleted state.

The microcontroller of the EMS is interfaced with
various vehicle systems to éontrol their operation. These
systems include the motor controller 54 which activates
the traction motor dr1v1ng the electric vehicle. The

20 heating, ventilation and air-conditioning (HVAC) system 56
and external 1lighting system 58 of the vehicle are
controlled by the EMS based on inputs from the driver
interface and energy efficiency considerations as will be
described in greater detail subsequently. The charger 60

25 for the battery in the vehicle is controlled by the EMS to
recharge the battery when connected to a charging station.

As best seen in FIG. 2 for the present embodiment of
the system, the battery sensor inputs and charger system
are incorporated in a self-contained battery monitoring

300 module 62 which communicates with the microcontroller
through a serial port 64. Those skilled in the art will
recognize that the battery monitor circuit module could be
an integral part of the EMS itself. An electro-optical
interface employing IR LEDs 66 and IR detectors 68 is

35 employed for the battery system. Selection of the
charging algorithm to be used in charging the batteries in
the electric vehicle is accomplished by the EMS based on



REPLACEMENT SHEET 1
JUL 1999 22 1 610 BEPMGEMENTFSHEEB.
Interrupts are disabled 612 while initialization off t e |npl
ports 614 is acconplished. As previously described
FIG 2, the I/O ports 76 provide the datg paths for 5
betmeen the mcrocontroller and the ignitio switclh,

45 (COWPH!S'“anHE %%%ﬁp%%e driver on available chargi Lime The

-

microcontroller employs a selection of charging algorithms
which takes into account the battery pack history and
current state of charge to assist in extending the cycle

5 life of the battery. Battery pack replacement cost 1s
substantial, consequently, this aspect of the EMS provides
high-cost efficiency for the electric vehicle. The
charging algorithm is altered by the EMS based on input
from the driver identifying the amount of time the vehicle

10 will be connected to the charging site. If the vehicle is
to be unused for an extended period of time, as an
example, the EMS employs a charging algorithm to equalize
the battery pack, normally a time consuming charging cycle
important to extending battery pack life. If the charging

15 period is shorter, the charging algorithm employed by the

- EMS is tailored to accomplish maximum charge within the
allotted time without degradation of the battery pack
life. Battery charging algorithms employed in the present
embodiment are exemplified in the publication by Linden,

20 David, Handbook of Batteries and Fuel Cells, McGraw-Hill,
1984, pp. 14-79 through 14-92.

State of the art motor controllers provide for
returning regenerated power to the energy storage system
of the vehicle during electrodynamic braking. In vehicles

25 with energy storage systems comprised of two or—more types
of storage devices having differing rates of charge and
discharge, the EMS, through the I/0 port, directs the
motor controller to select the particular energy storage
subsystem which is to receive the regenerated energy.

30 Communications with the driver are accomplished by
the microcontroller through a serial port 70 to the text
display 44 and from the driver controls through a polled
1/0 port 72. The accelerator pedal 38 and brake pedal 40
as portions of the driver controls are routed through the

35 EMS which converts the inputs made by the driver to output
signals enabling the motor controller through a standard
1/0 port. Control of the motor controller and brakes is



di splay el enments including the speedoneter, odoneters, REPLACﬁMﬁNTq§ ET hnd
charge and reserve icons), the HVAC controller a he not or
controller. 10 After initialization of the I/O% 3 1 gUk 1989
port interrupt (PTS) is enabled for conmunication thr h seri al p5rt
64 and of FIG 2. The m crocontrolleg- conmunifca ‘
battery nonitor nodul e through the serial port providing a "cancel
char ge patket "actatephlsiodd ih ator dida seInfam@it andedi batri®r yerdaictan edul e
as a reset. : . block £18. The microcontrqller then bl anks the .text

di spl ay througlligf}glgb%ﬁ O%%F%ﬂmlf%% ?ﬁE?FuaﬁﬁYeﬁaﬁgptrO?stHPSB§HSFhe 1/ O
ports. See bl ddle 620r control buhteoms aroporiviobkéy neke¢remadd es Irhehe
software tiner, i réﬂ%§] 2 |I_ow.d nt e ' e circuit
78 of FIG 2 fgﬁgggﬁgﬁg{ize p?@gf&%\?ﬁ%@ﬁﬁﬁ%f %&%ggpQEEQOBQ g%hggﬁse
interrupt®i s @n&ROdLeRRYS oan dB¥VERMikeat.i enNWMERI€hkey and an ESCAPE or

EXIT key. These key designations are used for easy

o

understanding by those familiar with common computer entry
and may employ different names in a preferred embodiment.

Output to the text display is accomplished in a menu

10 format. The menu hierarchy employed in the present
. embodiment is shown in FIG. 3a and 3b. Initialization of
the system places the EMS microcontroller in the energy
management system check identified in block 310. The
initial display of the system is the main menu identified
15 in block 312. 1In the present embodiment, the text display
is a four line by twenty character system. Normally the
EMS system operates in a "non-expert" (NI) mode. This
mode provides simple functional response to the control
buttons operated in resﬁonse to the various menus. The NI
20 mode is initiated by the driver depressing a single
control button. The functions available to the driver in
the NI mode are predict range, memorize trip, select
driving mode, display vehicle status and charge battery.
These functions are provided in separate menus identified

25 in blocks 314, 316, 318 and 320, respectively.

If the driver depresses two control buttons
simultaneously, the EMS initiates an "expert" (E) mode
which provides additional, more complex functions for
control of the system. The EXPERT MODE menu represented

300 in block 322 allows the driver to reconfigure the EMS
system by setting the time and date represented as a menu
in block 324 and change the display identified as menu
block 326 which allows a change of the language employed
by the display and the units employed (English or metric)

35 by the EMS system and displays. A CHANGE BATTERY MODEL
menu represented in block 328 allows the driver to change

the battery model or change the charging algorithm for the



speed sensor. In the present enbodi nent, the speed sens

slotted wheel 80 shown in FIG 2 located on a 25 drive|a;

vehicle, an IR light emtting di ode 82 provi di ng an{i lfl um nati on squrice
t hrough fiber optic cable to one side of the slotted Whdel HHdJ1389 IR
detector 84 connected through fiberopiic cable receifving signal fragm
the opposite side of the slotted wheel. e signal from{3 the IR
detector, ¥ epresenkati ¥§ &feﬁ%srp} a&gep%eépe%ﬂe%mal -
provided to an.interrupt port 1'n m crocontrol |l er. The

n1crocontro|Ieﬁ"eﬁaﬁl%§P?ﬁ%“§§%@dscéw%nﬂaﬂQRi¥E TRIPpemr dgent26igd anflnal

preoperation fbmatkOmBO?:&vhlch aThews eheceMsr ald Qﬁerﬁiﬁ:rlsz%s de éhé&%
| ock If the switc

t he vehicle ni t on s i n deci.sion.’
not "on" |nd|c§?P%§m8 éPPe rhﬁﬁﬁ%ﬁﬁ%%¥ GFPLR¥%eT ¢ %ﬂ%§9b9ath or the
5 vehicle.

The various menus of the system are selected by
pushing the SCROLL button until the function of choice
appears followed by pushing the ENTER button. Once a menu
is selected, the various functions of the menu are

10 selected employing the SCROLL button followed by pressing
the ENTER button at the desired function to confirm the
selection. For various functions, an option is provided
to the driver in the form of a numeric value which may be
increased through set steps in a wrap-around fashion by

15 ©pressing the NUMERIC button. The ESCAPE key is provided
for the driver to reverse menu selection to return to the
next higher menu level. The functions of the EMS as
selected from the menus will now be described. °

The PREDICT ) RANGE menu when selected provides a

20 series of choices: "level ground at xx mph," "stop and
go," "“constant speed uphill at xx mph," "constant speed
downhill at xx mph," "constant speed up and down at xx
mph" and any one of up to nine memorized trips. The
program format of this menu is shown in Table 1. The

25 driver uses the scroll button to select the type of
driving profile which he desires. Once the proper profile
is displayed, he pushes the enter button to confirm the
selection. As an example, if the driver chooses "stop and
go" the EMS employs the vehicle model from the ROM with

30 the driving profile for "stop and go" conditions from the
NVRAM. The-’stop and go conditions data employed in the
present system is represented by the Simplified Federal
Urban Driving Cycle (SFUDS), a copy of which is provided
in Table 2. The format of the data required by the EMS to

35 calculate range from either power as a function of time or
velocity as a function of time follow that of the SFUDS
cycle shown in the listing provided in Talbe 2. This



the driver (or turning off of the ignition switch since REPL EmStSHEET

cal cul ati on cycle) the microcontroller continues tol b
i nstrunment panel and EMS text display as shown in cé ?30. Upon
sensing that the ignition switch 5 has been turned on,} tjh JUL@
m crocontroller determnes in bl ocky 632 if the ignifti wi tch was
previously "off". If

1 driving cycle is represented by a series—ef—wehicle

velocities at one second intervals over a driving time of

six minutes. From this information, the vehicle model

calculates the power required”at each step and subtracts

5 the energy used at each step from that available in the

battery pack as calculated using the battery model from

the ROM assuming and initial state defined to the

micro-controller of the EMS through the serial port from

the battery monitor module. The EMS continues to run the

10 stop and go steps repeating the six minute cycle

consecutively until the calculated energy remaining in the

battery pack would no loﬁger be able to provide the power

for the next step. The distance covered at each step is

accumulated and the reported range is that covered at the

15 1last successful step. This information is reported to the

driver on the display as "range under stop and go
conditions is xxx miles."

If the driver selects from the PREDICT RANGE menu,

any of the other choiées, with the exception of the

20 memorized trip, the speed parameter must be entered by the

driver to allow the EMS to make a range prediction. For

example, if the driver has selected on the menu "constant

speed downhill at xx mph," the numeric key is pressed by

the driver to change the desired speed. In the present

25 embodiment as identified in the programming appllcatlon of

Table 1, a minimum speed of 20mph and a maximum speed of

80 mph is employed. The initial speed displayed in the

menu may start with a default value e.g., 30 mph, or the

last speed value employed by a selection on the EMS.

30 Pressing the numeric button would increment the speed by,

for example, five miles per hour for each button push to

the maximum programmable speed at which time the input

wraps to the lowest speed e.g., 20mph. When the driver

obtains the speed desired on display, the enter button is

35 pressed and the EMS then employs the vehicle model to

predict the range. In this case, the power calculation is

based on a constant condition which is derived from a
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performance applica ogram DIANE dlsclosed in the

paper entitled: Users Guide to DIANE Version 2.1: A
Micro Computer Software Package for Modeling Battery
Performance in Electric Vehicle Applications, by W. W.
Marr, W. J. Walsh and P. C. Symons, June 1990, published
by the Energy Systems Division of the Argon National

Laboratory. The vehicle model provided in Appendix A of
the paper as modified for the present system is disclosed
in Appendix A to this application. Data employed in the
battery model by the present embodiment are included as
Appendix B to this application. The result of the
calculation by the EMS based on the vehicle model for the
selected profile is displayed as, for example, "range
under constant speed of xx mph downhill is xxx miles."

If the driver selects from the PREDICT RANGE menu,
one of the memorized trips, the calculation made by the
EMS employs the stored table of energy consumption versus
time as input to the vehicle mathematical model. After
calculation, the resulting display based on the existing
battery charge would be “trip number x can be successfully
completed z times with yyy miles remaining." This format
allows use of the EMS system for a standard commute
allowing the driver flexibility in selecting charging
times for the vehicle.

A flow diagram of exemplary programming for operation
of the EMS in the PREDICT RANGE menu is shown in FIGS. 4a
and 4b. Data formats for this program sequence are shown
in the listing provided in Table 1. The EMS displays the
PREDICT RANGE menu on the text display as shown in box 410
for review by the driver.  The EMS microcontroller
monitors the driver interface control buttons to determine
if a control button has been pressed within ten seconds as
shown by the decision block 412. If no button .has been
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5 button has been pressed, the microcontroller determines if
the ESCAPE key has been pressed, block 418. 1If so, the
program returns to block 412, setting the system to the NI
mode . If the ESCAPE key is not the key pressed, the
microcontroller determines if the SCROLL key has been

10 pressed in block 420. If the SCROLL key has been
depressed, the microcontroller moves to display the next
menu as identified in block 510. If the SCROLL key has
not been depréssed, the EMS determines if the NUMERIC key
has been depressed in block 424. The NUMERIC key has no

15 significance in this menu pattern and if the numeric key
has been depressed, control is returned to block 412 as if
no button had been pressed. If the button pressed is the
ENTER key, by default the program proceeds to block 426
and sets the parameters i and j=0. The microcontroller

20 then displays the scrolled menus identified in Table 1 in
the form of menu (1,i) and appends the speed and units or
the trip number as shown in block 428. For example, if
the menu pointer is at menu(1,2) the display will show
"uphill at xx mph." If, however, the menu pointer 1is at

25 menu(l,5) the display will show "memorize trip # x."
After displaying the menu, the controller enters decision
block 430. If the second index of the menu pointer equals
one, the microcontroller proceeds to decision block 432 to
await a button press. If no button is pressed within ten

30 seconds, the microcontroller returns to entry point A at
block 413. If a button has been pressed, the
microcontroller determines if the SCROLL key is pressed in
decision block 434. If the SCROLL key has been depressed,
the second index of the menu pointer i is incremented in

35 block 436 with a counter operating modulo 7. The counting
modulus, length (x), for the vafious counters described

are shown in Table 1. Upon incrementing of the menu
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on the nmenu hierarchy 1ist%in block 662 |as previously

index, the program returns to entry point B at block 428
to display the new menu. If the SCROLL key was not the
button pressed, the microcontroller continues to decision
block 437 to determine if theVENTER key was pressed. If
the ENTER key was pressed, selecting the menu having
pointer equal 1, the driver has selected the "stop and go"
menu. In this case, the microcontroller retrieves from
memory the vehicle model and employs the SFUDS data as a
driving profile to determine vehicle range as shown in
block 438. Upon completion of the calculation, a display
of "stop and go range is" accompanied by the result of the
calculation and the appropriate units as shown in block
440. If no further button is pressed within ten seconds,
the program returns to entry point A as shown in block
442. 1If after the display of the stop and go answer the
ESCAPE key is pressed as detected in block 444, the
program returns to entry point B at block 428 to display
the previous menu. '

If the ENTER key was not pressed, in block 436, the
program determines if the ESCAPE key was pressed in block
445. If the ESCAPE key was not pressed, the only key
remaining is the NUMERIC key which has no meaning for the
menu pointer of 1 since no numeric input is required by
the driver. Consequently, control is returned to -block
432 to await an additioﬁal button press. If the ESCAPE
key has been pressed, the menu pointer is reset to 0 and
control of the program returns to entry point C.

Returning to block 430, if the second index of the
menu pointer is 0, 2, 3, or 4, additional entry for the
speed desired is required by the driver. Consequently,
the microcontroller waits for a button push as identified
in block 446. If a button push does not occur within ten
seconds, control of the program returns to entry point A.
If a button is pushed within ten seconds, the controller

. determines in block 448 if the SCROLL key has been pressed

and if so, increments the menu pointer in block 450 and

returns to entry point B to display the next menu. If the
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completion of the calculation, the selected driving

profile and the range associated with that profile is

displayed as shown in block 456. For example, if the menu
pointer was 0 providing the menu selection "level at xx

mph" the display will show "level at xx mph range is yy

-miles.®

If the ENTER key was not depressed, the
microcontroller determines if the ESCAPE key was pressed
in block 458. If the ESCAPE key was pressed, the menu
pointer is reset to 0 and the program returns to entry
point C.

If the ESCAPE key was not pressed by default, the
pressed key was the NUMERIC key resulting in incrementing
of the numeric sﬁeed value as shown in block 460. The
program then returns to entry point B and the display for
the given menu pointer is again provided with the
incremented speed value.

Returning to block 430, if the second index of the
menu pointer equals S signifying selection of a memorized
trip, the program transitions to entry point D of FIG. 4b.
The microcontroller determines if a button has been
pressed in block 462 and if no button is pressed within
sixty seconds, the program returns to entry point A. If
a button has been pressed, the microcontroller determines
in block 464 if the ESCAPE key was pressed. If the ESCAPE
key was pressed, program control returns to entry point C.
I1f not, the program determines in block 466 if the NUMERIC
key was pressed. If the NUMERIC key was pressed, the
memorized trip variable j is incremented as shown in block
468 . Incremeﬁting of j is accomplished with a counting

modulus "memorized trips" equal to the number of segmented
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trip present on the display screen has been selected by
the driver and the microcontroller calculates the power
required for the identified trip as shown in block 472.
Upon completion of the calculation, the microcontroller
displays the results of the calculation in the format
“memorized trip number j range is yy trips plus xx miles"
as shown in block 474. Control of the program then
returns to entry point D allowing additional calculation
of memorized trip information.

Returning to decision block 430, if the second index
of the menu pointer equals 6, the EMS performs a data
exchange and interaction with a navigator system in block

476 to provide predictions of energy availability in the

'battery system for routes defined by the navigator.

Further description of the navigator systém interaction is
provided in detail subsequently.

The SELECT DRIVING MODE menu allows the driver to
select either a "economy," or “performance" mode for the
EMS in operation of the vehicle. Normally during driving,
the driver is not interacting with the EMS and therefore
the display is blank so as not to distract the driver.
The EMS is continually monitoring various inputs from the
vehicle as previously described. Inefficient energy usage
by vehicle systems monitored by the EMS can be Eetected.
As an example, if the microcontroller of the EMS receives
an input from the external temperature sensor indicating
high outside temperature and an indication from the window
position sensor that the windows are rolled down,
operation of the air conditioner in attempting to cool the
vehicle would be inefficient. In a direct control format
as shown in the drawings for the present embodiment, the
HVAC system controlled by the EMS through the I/0 port

could be disabled until the windows are closed. In

14
t he
The

S
nmenu

t he
to
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1 'addition, (or alternatively) the EMS may display to the
driver, a message "roll up windows."

In the embodiment shown .in the drawings, external
analog sensors, such as thg temperature sensors and

5 accelerometer, are provided to the microprocessor through
a multiplexed Analog to Digital input port 74 as shown in
FIG. 2. Standard controls for the HVAC and motor
controller as exemplary are provided through standard 1/0
ports 76.

10 Selection of the "performance" mode from the driving
mode menu suppresses the EMS monitoring of efficiency
information and precludes display of energy efficient
messages to the driver. As previously described,
selections in the SELECT DRIVING MODE menu are

15 accomplished by pushing the ENTER button followed by
depressing the SCROLL button for selection between the
sub-menu items of "economy," or "performance" followed by
pushing the ENTER button to confirm the selection. 1In the
embodiment of the bresent invention, the default driving

20 mode is “economy.*

FIGS. 5a and Sb are a flow diagram of programming
associated with the SELECT DRIVING MODE menu. The SELECT
DRIVING MODE menu is displayed on the text display by the
microcontroller as  shown in block 510. The

25 microcontroller determines if a button has been pressed as
shown in decision block 512. If no button is pressed
within ten seconds, the microcontroller places the system
in the nonexpert mode, blanks the display and waits for a
button press as previously described with respect to FIG.

30 4a. Similarly, if the microcontroller determines in block
514 that the ESCAPE key has been pressed, exiting the
SELECT DRIVING MODE menu, the microcontroller will return
to its initial state. _

If the SCROLL button has been pressed as shown in

35  block 516, the next menu DISPLAY VEHICLE STATUS will be
displayed as shown in block S18. If the NUMERIC key 1is
depressed as shown in block 520, the input is ignored
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The total odopeter and trjp odonmeter are updated in block 732 and 734
respecti vly §ﬁ8CFh%2?Tﬁ§q:gﬂﬁtm+%r?%gﬁﬁrQﬁ#er displays the sub-menu as
shown 1in block 524. The displays of the sub-menu

identified for the menu pointer having a first index 2 are
shown in Table 2.
The microcontroller again senses a button push as

10 shown in block 526 and determines if the button pressed is
the SCROLL button as shown in block 528. If the SCROLL
button has been depressed, the menu pointer is incremented
as shown in block 530 and the new sub-menu is displayed by
return through entry point X.

15 If the SCROLL key was not depressed, the
microcontroller determines if the ENTER key was depressed
in block 530. Depressing the ENTER key confirms the
selection by the driver of the displayed sub-menu and, as
shown in block 534, if the second index of the menu

20 pointer equals 0, the microcontroller establishes the
driving mode as "economy" défined in block 536. While if
the second index of the menu pointer equals 1, the
microcontroller sets the driving mode to “performanced as
shown in block 538. If the ESCAPE key has been depressed

25 as shown in block 540, the second index of the menu
pointer is reset to 0 and the program returns to entry
peint X.

The DISPLAY VEHICLE STATUS menu allows the driver to
examine the status of the data inputs and outputs of the

30 EMS. For example, selecting the DISPLAY VEHICLE STATUS by
pressing the ENTER button would allow a display of inside

air temperature, outside air temperature, motor
temperature, battery pack temperature, controller
temperature, instantaneous battery pack voltage,

35 instantaneous battery pack current draw and any values
calculated by the EMS from these parameters. With the

limited display size in the present embodiment, the
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button.

The CHARGE BATTERY menu allows the driver to inform
the EMS of the desired charging time to allow optimum
charging of the battery by the EMS for that time. For
example, if the driver ié running into the store for
groceries and the vehicle is attached to a charging
station at the store, the vehicle will only be on charge
for a few minutes. If on the other hand, the driver has
parked the vehicle in his home garage, it may be left for
a number of hours. Slow charging is easier on the battery
pack than fast charging. Consequently, the EMS would
direct different charging algorithms to be used depending
upon the length of time available to charge. Invoking the
CHARGE BATTERY function from tﬁe main menu by pushing
ENTER causes a prémpt of "charge battery for xx hours" to
appear. The driver can modify thé; numeric value by
pressing the NUMERIC button as described previously. The
ENTER button is then pressed to establish the time
available for charging to the EMS. The EMS then selects
an appropriate algorithm based on predetermined hour
values and proceeds to charge the vehicle. 1In the present
embodiment, if a particular time is not established by the
driver through the use of this function, the EMS will
employ an algorithm based upon the optimum charging
efficiency for the present state of the battery.

As shown in FIG. 3a, subsequent to establishing the
charging procedure through the CHARGE BATTERY menu, the
EMS provides a VEHICLE ON CHARGE menu 332 for providing
information on the battery charging status. In addition,
upon completing the battery charging cycle, a CHARGE
COMPLETED menu 334 is provided for notification of the
driver of a charge and battery status prior to reentering

the MAIN DISPLAY menu.

]
1
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Is less than 10, as determ ned in block 746, the errer |s |gnored
and a return is executed fromthe i nterrupt handl er. e of
errors has reached 5 10, the mcrocontroller reports thg error ‘Myough

t he EMS text display as shown in blogk 748 to notify jt he—er+ver

1 As previously described, the expert menu functions
entered through the EXPERT menu 322 allow modification and
control of the EMS by the driver. The SET TIME menu is
self éxplanatory and allows tKe driver to update the EMS

5 system with current time and date. The CHANGE DISPLAY
menu allows sub-menus of SELECT LANGUAGE and SELECT UNITS.
The SELECT LANGUAGE menu in the E mode causes a series of
languages to appear one at a time on the display. The
driver selects the desired language for use on the EMS

10 displays by pressing the SCROLL button and confirming the
choice with the ENTER button. The information on language
choice is saved in the NVRAM and the chosen language is
used until changed by an alternate selection using the
CHANGE DISPLAY menu. All messages described in the.

15 wvarious menu functions are encoded in all languages
available. These messages are stored in the
microcontroller ROM. The SELECT ﬁNITS function of the
change display menu operates in the same manner as the
SELECT LANGUAGE function to allow selection of English or

20 metric units for display. For example, selection of the
English system will display miles and miles per hour,
while the metric display will display kilometers and
kilometers per hour. '

The CHANGE BATTERY MODEL and CHANGE CHARGING

25 ALGORITHM functions are provided to allow modification of
the numeric parameters for changes of battery types, aging
of the batteries and other altered operéting parameters
for the vehicle.

The final menu provided in the E mode is the MEMORIZE

30 TRIP menu. This function is selected by the driver to
memorize the energy consumption of a particular trip which
will be accomplished on a repetitive basis to allow
prédiction by the EMS for successfully accomplishing that
trip with existing battery charge. Upon selection of the

35 memory function, the display shows "memorize trip number
x." If the driver now pushes the ENTER button, the EMS

will ask for an indication of when to start memorizing
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change e batter st at us

power drain by the vehicle is sampled periodically (in the
present embodiment, once per second). This power
requirement is saved in a table along with the amount of
time this amount of power was required. The power is
determined by monitoring the battery pack current and
voltage and calculating a product of the instantaneous
values. Once +the enter button is pushed and the
memorization is in progress,'the word "start" is replaced
on the display by the word "stop" indicating that a
subsequent push of the ENTER button will cause the
memorization to stop. A variation on this process is
accomplished if the trip number x has already been
memorized. If the driver selected that trip number, the
EMS assumes that the driver wishes to replace the
information previously memorized by information for a new
trip. In this case, the display shows "replacing trip
number x" along with the start or stop indications. In
the present embodiment, up to nine trips can be memorized.
Whenever a trip is mémorized, the resulting data table of
energy consumption allows range prediction without
requiring calculation based on the wvehicle model. Since
the energy consumption for the trip is already known,
prediction is accomplished by subtracting the energy
consumption from the available energy in the battery pack
for each time step of the table. The tabular information
for the memorized trips 1is stored in the NVRAM.
Limitations on the number of stored trips is imposed by
memory size. ' _

Details of the overhead for the operating system of
thé microcontroller in the present invention are shown in
FIGS. 6a and b and 7a-e. The microcontroller for the

present embodiment initiates operation with a system reset

woul d

The
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5 communication between the microcontroller and the ignition

switch, instrument panel 45 (comprising the various
display elements including the speedometer, odometers,
fuel gauge and charge and reserve icons), the HVAC
controller and the motor controller.
10 After initialization of the I/0 ports, the serial
' port interrupt (PTS) is enabled for communication through
serial port 64 and of FIG. 2. The wmicrocontroller
communicates with the battery monitor module through the
serial port providing a "cancel charge packet" data block
15 to the self contained battery monitor module as a reset.
See block 618. The microcontroller then blanks the text
display through serial port 70 and the instrument panel
through the 1/0 ports. See block 620.
The microcontroller next enables the software timer
20 interrupts 622 to allow interface with the clock circuit
78 of FIG. 2 for genéralizéd'program clocking. The speed
sensor interrupt is enabled 624 for communication with the
speed sensor. In the present embodiment, the speed sensor
comprises a slotted wheel 80 shown in FIG. 2 located on a
25 drive axle of the vehicle, an IR light emitting diode 82
providing an illumination source through fiber optic cable
to one side of the slotted wheel and an IR detector 84
connected through fiberoptic cable receiving signal from
the opposite side of the slotted wheel. The signal from
30 the IR detector, representative of the rotational speed of
the axle, is provided to an interrupt port 86 in the
microcontroller.
The microcontroller enables the speed calculation
interrupt 626 as a final preoperation function.
35 The microcontroller senses the status of the vehicle
ignition switch in decision block 628. If the switch is

not "on" indicating desire for operation of the vehicle by
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the driver (or turning off of the ignition switch since

the last calculation cycle) the microcontroller continues
to blank the instrument panel and EMS text display as
shown in block 630. Upon sensing that the ignition switch

5 has been turned on, the microcontroller determines in
block 632 if the ignition switch was previously "off". 1If
the ignition switch was previously "off", the

microcontroller performs an instrument panel and EMS

startup display 634 and performs a system check 636 to
10 detect hardware faults. If no fault is detected in block

638, the microcontroller sets the text display to the main

menu previously described with respect to FIG. 3 in block

640. If a system fault was detected, the fault is

reported 642 by appropriate annotation of the text
15 display.

Upon completion of the startup sequence, or if the
ignition switch was not  previously ‘“off", the
microcontroller displays the instrument panel and EMS
information 644 :corresponding to the various sensor

20 inputs. The microcontroller monitors the control buttons
to determine if a button has been pressed 646 and if the
SCROLL button has been pressed, highlights the action
following the presently highlighted action on the menu 648
to scroll through ﬁhe menus as previously described with

25 respect to FIGS. 3, 4, and 5. If the ENTER key has been
pressed, the microprocessor performs the highlighted
action and designates the appropriate menu for the
highlighted action as active 650, also previously
described with respect to FIGS. 3, 4 and 5. If the

30 NUMERIC key has been pressed, the microprocessor
determines if a numeric variable is highlighted in the
menu 652. If no numeric variable is highlighted,
depressing the NUMERIC key has no function. A system
check for faults is accomplished 654 and if a system fault

35 is detected 656, the system reports the fault 658, program
control then returns to block 628.

of
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the active menu to the menu above the present active menu

on the menu hierarchy list in block 662 as previously
described with respect to FIGS. 3, 4 and 5.
If the SCROLL and ENTER keys are 'depressed
10 simultaneously, the microcontroller sets the active menu
as the EXPERT MODE menu as "shown in block 664 and
previously described with respect to FIG. 3.
All other functions of the microcontroller are
initiated through the interrupt processor on a timed or
15 demand basis. Exemplary interrupt routines for the
microcontroller are shown in FIG. 7. The software timer
update interrupt routine occurs periodically as shown in
FIG. 7a. Upon receiving this interrupt, the
microcontroller determines if the speed sensor needs to be
20 enabled in block 710. The speed sensor interrupt is
disabled in various other interrupt routines as will 'be
described subsequently. If the speed sensor interrupt has
been disabled, the microcontroller enables the PTS speed
sensor interrupt 712 and enables the speed calculation
25 interrupt 714 to allow normal processing— of speed
information for update of the display on the instrument
panel speedometer and odometers.
The microcontroller next conducts the Analog to
Digital conversion of analog sensor data input in block
30 716. Results of the sensor inputs are stored in memoxy
block 718 to update the VEHICLE SYSTEM STATUS menu for
display upon demand as described with respect to FIG. 3.
Updated information is output to the instrument panel
displays by .the microcontroller in block 720. " The
35 microcontroller then returns to the interrupt wait state.
Calculation of vehicle speed and distance traveled

for display on the speedometer and odometers of the
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5 detector of the speed sensor are accumulated and timed

based on a predetermined PTS count. As shown in FIG. 7b,
upon receiving an interrupt from the IR detector, the
microcontroller decrements the PTS count 722 and
determines if the PTS count is now 0 in block 724. If the

10 PTS count is 0, the PTS interrupt is disabled 726 to allow
a time speed calculation to occur in response to a speed
calculation interrupt. The time of the PTS interrupt from
the speed sensor is recorded 728 and stored for speed
calculation. A return is then executed from the interrupt

15 handler.

Speed calculation is accomplished upon receiving a
speed calculation interrupt as shown in FIG. 7c. Speed
calculation is accomplished by determination of the total
elapsed time for the PTS count cycle of the speed sensor

20 interrupts from the recorded time intervals in block 730.
The total odometer and trip odometer are updated in block
732 and 734 respectively and the PTS count is reset in
block 736 for initializing the speed sensor interrupt.
The speed calculation interrupt is disabled 738 to

25 preclude a speed calculation interrupt ) prior to
initialization of the speed sensor PTS interrupts through
the software timer update interrupt routine as previously
described. A return from the interrupt handler is then
executed.

30 Data from the battery monitor module is received on
the serial port as previously described. Incoming data is
accepted through a serial port receive interrupt as
described in FIG. 7d. Data transmitted from the battery
monitor module is provided in a predefined format for

35 verification of valid data which is accomplished in block
740. If the data received is not valid as determined in
block 742, a tabulation of the number of errors is
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incremented in block 744. If the nunbBeétr OL errors
detected.is less than 10, as determined in block 746, the
error is ignored and a return is executed from the
interrupt handler. If the number of errors has reached
10, the microcontroller reports the error through the EMS
text display as shown in block 748 to notify the driver of
a battery monitor module failure.

If valid data is received from the battery monitor
module, a new "fuel" status is calculated in block 750 to
determine power remaining in the battery. Parameters for
the battery model are then updated in block 752 for use in
vehicle model calculations as previously described. The
error monitor flag is then reset to 0 in block 754. A
determination is made in block 756 if an updated message
to the EMS display is required. For example, if the menu
on the display is the vehicle on charge menu as previously
described with respect to FIG. 3, a change in the battery
status would be reflected on the menu. The
microcontroller alters the display message as shown in
block 758, if required, and the interrupt handler is reset
in block 760 for return to the wait mode.

The software timer clock interrupt is accomplished as
shown in FIG. 7e to accomplish updating of the system
clock 762 and transfer of any battery management system
data to the battery monitor module through the serial
port. As previously described, the battery monitor module
in the present "embodiment is a self-contained unit,
consequently, data is provided in a packet format executed
by the microcontroller as shown in block 764. An example
of data transmissions of this type would be associated
with charging of the battery wherein control of the
charging current and voltage by the battery monitor module
is accomplished to charge the battery according to the
desired charging algorithm as previously described.

Upon completion of the software timer clock
interrupt, the microcontroller returns to the wait state
from the interrupt handler.
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average speed names, street segment x and y coordinates, street segment
end addresses and assumed street segment speeds for a
given mapped area. The basic purpose of a navigator is to
provide an optimum route to be driven based on a starting
10.'point and a destination point. The present embodiment
adds to the navigator database street segment grade and
direction of grade, stop sign and traffic light locations
and location of charging stations for electric vehicles.
Associated with the traffic light data is a probability of
15 a green light for each direction of traffic in the control
intersection. Dynamic information on traffic congestion
for given street segments is provided through a radio
interface.

FIG. 8 provides a basic block diagram of the

20 interface between the navigator and EMS. The navigator
810 is a self-contained system employing a database 812
having the characteristics previously described and a
radio interface 814. The navigator incorporates a
calculation engine 816 for determining routes between an

25 entered beginning point and a desired destination point.
A standard serial port interface 818 employing RS232 or
other standard communication protocol connects the
navigator to the EMS. A third serial port 88 as shown in
FIG. 2 is employed by the microcontroller for

30 communication with the navigation system.

In operation, the driver provides present position
and destination information tec the navigator system. The
navigator selects several time efficient routes using
normal processing models, as described in the prior art.

35 These routes are likely to be the most-energy efficient,
however, iteration between the navigator and EMS is

required for optimizing energy efficiency of the route.
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destination Cransm1531on of each street segment in follow1ng format:

5 Send start of segment character {e.g., "S"); send length
of segment (e.g., xx miles); send indication of stop at
start of segment (e.g., "X"); send grade of segment (e.g.,
xx%); send direction of grade (e.g., "U" or "D" for up or
down); send nominal speed of segment (e.g., XX

10 miles/hour); and, send end of message character (e.g..
"E"). The energy usage for the individual segment is
calculated by the EMS employing the vehicle model and
standard prediction algorithms previously described. For
example, if the segment is an upward grade, with an

15 average speed of 30 mph, the processing algorithm for the
"uphill at xx mph" previously described with regard to the
predict range menu is employed. A start or stop on the
segment is accommodated by the EMS through a calculation
scheme defining a predetermined acceleration or

20 deceleration based on the nominal speed of the segment.
For example, if the average speed of the segment is low,
acceleration of .1 g is employed, while if average speed
of the segment is high, an acceleration of .25 g is
employed. Stopping at a constant deceleration of .5 g is

25 employed.

The EMS will calculate the energy consumption as
watt-hours for the entire trip defined by the navigator
segment by segment. If the trip can be made on the energy
available in the battery pack, the EMS reports the energy

30 consumption for the trip. The navigator and EMS iterate
with regard to the other candidate routes for optimizing
the energy usage.

If the energy required for the trip will exceed the
available battery energy, the EMS identifies to the

35 navigator the street segment indicating where the vehicle
will "run out" of energy. The navigator will then employ
an alternate route scheme for identifying a destination
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than the energy exhaustion point. Cal cul ation of the route to the
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1 with a charging station with a lower mileage requirement
than the energy exhaustion point. Calculation of the
route to the charging station with verification by
iteration of the route with théVEMS for energy consumption

5 calculation is accomplished. Calculation of a route from
the charging station to the original destination is then
accomplished by the navigator. Calculation of this route
requires input by the driver for the charging time to be
employed at the charging station. Calculation of the

10 energy level in the battery after the proposed charging is
accomplished using the battery model as previously
described. '

Operation of the EMS in the "performance" mode allows
elimination of iteration on the routes selected by the

15 navigator and the most time efficient route selected by
the navigator is employed for calculation of capability
for the vehicle to accomplish the route on the given

| energy charge in the battery.
FIGs. 9a and 9b are flow diagrams describing the

20 hand-shake operation between the EMS and navigator systems
in the electric vehicle. As shown in FIG. 9a, upon entry
by the driver of a present position and destination point,
the navigator establishes a candidate route as shown in
block 910. The navigator sends a ready-to-transmit signal

25 to the EMS 912 which is received by the EMS in block 914
of FIG. 9b. The EMS responds by sending a ready-to-
receive signal 916 which is received by the navigator in
block 918 of FIG. 9a. The navigator proceeds to send
route information 920 on a segment-by-segment basis to the

30 EMS which receives the route information 922 and runs the
vehicle model 924 to establish energy usage. The EMS
determines if sufficient energy is remaining to complete
the -route proposed by the navigator. 1If sufficient.energy
remains an energy consumed value 1is provided to the

35 navigator in block 928 which is received as a response by
the navigator in block 930. If sufficient energy does not
remain in the battery pack, the EMS provides a painter to
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entry 5 concerning energy consumption or pointer for last
successful route segment received by the navigator is
analyzed in block 936. If sufficient energy is available
for the route, additional candidate routes are evaluated
and a selection of the most energy efficient route is made
10 by the navigator software in block 938. If insufficient
energy is available for any of the chosen routes, the
navigator establishes a route to a charger station nearest
the 1last successful route segment and employing the
charger location as an initial position calculates routes
15 to the desired destination based on driver input as to
charging time in block 940. The final route is then

communicated to the driver by the navigator in block 942.

Table 1
Coded into the program:
20 min speed = 20
max speed = 80
menu (1,0) = "LEVEL AT" menu (2,0) = "ECONOMY"
(1,1) = "STOP AND GO" {2,1) = "PERFORMANCE"
(1,2) = "UP HILL AT"
(1,3) = "DOWN HILL AT"
25 (1,4) = "UP AND DOWN AT"
(1,5) = "MEMORIZE TRIP #"
{1,6) = "NAVIGATOR PREDICTION"
length (1) = 7
(3) = 1
39 Set by default or previous driver interaction:

Speed = 30
Units = "MPH"
Memorized trips = 3

35
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.249000E+02
.274000E+02
.296000E+02
.362000E+02
.543000E+02
.666000E+02
.732000E+02
.787000E+02
.832000E+02
.86Y000L+HI2
.318000E+02

T45000E+H)2

.676000E+02
.655000E+02
.665000E+02
.674000E+02
.682000E+02
.689000E+02
.695000E+02
.687000E+02
.618000E+02
.S47000E+02
.472000E+02
.388000E+02
.291000E+02
.142000E+02
.000000E+00
.000000E+00
.000000E+00

returns to s

t he

IREPLACEMENT SHEET
a’;dfﬁdJﬁ“L’Bmss

.195000E+02
.227000E+02
.25600CE=02
.278000E~+02
301000E+02
.407000E+02
.571000E+02
.631000E+02
.744000E+02
.797000E+02
.340000E+02
.875000E+02
.803000E+02
.731000E+02
.663000E+02
.657000E+02
.668000E+02
.676000E+02
.684000E+02
.690000E+02
.697000E+02
.673000E+02
.604000E+02
.533000E+02
457000E+02
.370000E+02
267000E+02
.930000E+01
.000000E+00
.000000E+00
.000000E+00

.201000E+02
.233000E+02
.261000E~02
.283000E-02
.304000E~+02
.447000E+02
.S97000E+02
.695000E+02
.755000E+02
.806000E+02
.848000E+02
.861000E+02
.789000E+02
.718000E+02
.649000E+02
.660000E+02
H66Y0U0EHV2
.678000E+02
.686000E+02
.692000E+02
.698000E+02
.660000E+02
.591000E+02
.S18000E+02
.441000E+02
.352000E+02
.243000E+02
.450000E+01
.000000E+00
.000000E+00
.000000E+00
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5 concerning energy consunption or pointer for last - bU(,CEbeUI
route segnent received by the navigator is anal yzed i n bjof 9@34] ﬁ999
sufficient energy is avail able for the route, additional}chndi é'
routes are eval uated and a selection of the nost energy pfici-ent
route is made 10 by the navigator softwa¥ in bl ock 938. If}insufficient
energy is available for any of the chosen routes, gt or
est abl i shels a rout eHRY289ciligMgete St atReh fBSr e’é’t"e“tmtnhem agtecédéc&%ful

route segnent aaduem‘paownghé hgatent Ghaigale,| thseoskama@ ini thelaposition-
cal cul ates route to t.he desi rted desti nat| ?’hdrlv r |nlg)ut as

to char gi n§* ?llme F§5PBEEk CAHET Al rgug
conmuni cat ed tembbdldenverdmltdwdnahegaimr,/l nSth)d:lmclmo@MZ;catlons and

Table 1 ¢ Cogggskgkgtiggsp 224" ehin the scope and intent of the

invention as defined in the following claims.
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mn speed = 20 max speed = 80 menu (1,0) = "L g

(2,0) " ECONOWY" (1,1) = "STOP AND GO' (‘ﬁ_,EP)LAAEEMENT"SHEET
" PERFORVMANCE" (1,2) = "UP H LL AT" (1,3 ="

H LL AT" 25 (1,4) = "UP AND DOM AT" (1L, $)1 JuL 1998
"MEMORI ZE TRI P #" . (1,6) = "NAVI GATOR PREDI CTI | engt-h
() =7 (3) =1 30 Set by default or previou$ drTver

i nteraction: APPENDIX 2

Power requirement at the battery terminals can be
calculated from a specified velocity profile, provided
that the vehicle characteristics (test weight, frontal
area, draf coefficient, rolling resistance coefficients,
the drivetrain efficiency, and the grade of the road) are
given.

The instantaneous road-load power is calculated from
the required force, which overcomes the drag force, the
rolling resistance, and the grading effects while, at the
same time, maintaining the vehicle at the specified speed.
The equations for velocity, force, and power are given
below.

The instantaneous speed of the vehicle at time t in
any linear driving period can be expressed as:

V =V, + aAt (A.1)
where:

acceleration or deceleration
(Va = V) /(L - &) ;

a

V, V, = the speed-at time t; and t, respectively;
At = t - t;;
t = time;
t, = the time at the beginning of the period; and
t, = the time at the end of the period.

The distance at time t is given by:
S=Sl+v1At+§(At)2 ' (A.2)
where S, is the distance at t,.

As shown in FIG. A.1, the total required driving

force, F;, is given by:

Fr = Fp + Fp + Fg + F, (A.3)
with the air-drag force,

FD—%‘)CDAFVZ (A.4)

the rolling resistance force,



Speed = 30 Units = " MPH' Menori zed trips = 3 FHEPLACEMENT SHEET
3 1 Jut 1998
_ -35-
Fp = Wy COS 8 (K, + K,V + KV?) (A.5)

the force due to grade,

and the acceleration force,”

WT
FA=—§a (A.7)

where: .

Wy = vehicle weight;

g = gravitational acceleraton;

@ = grading angle, tan' (% grade/100);

Koo K, K, = rolling resistance coefficients;

A; = vehicle frontal area;

p = air density; and

¢, = drug coefficient

The power at the wheels, P,,, is given by:

and the power required at the battery terminals is:

pwh
= v A.9
P oy ( )

. where:
7p and 7, are efficiencies of the transmission and

the motor, respectively.

1. In the present embodiment, rather than wusing a
constant, a function of rpm and torque is used. Thus 7y

= ny (rpm,T) locating a table

\1' T, T, T, Ty
RPM

1 N1y Ny
2 gu

- PR




i |REPLAGENL:: ~Hert |
-31- TABLE 2
Sinplified FUDS (SFUDS) with velocity slightly changed 1L 188y ¢] €
time including rest, (s), TC= 360 rest tinp An& %f cyc e
(s), TREST = O s-by-s velocity, (kmn), fqgr T” +RESH—S
. 000000E[ err] 00 0OOOOOOE[ err] 00 OO000O0E[ er4.00 .OOOOOOE[err]OO :
. 000000E[ err] 00 . 000000E[ err] 00 . O0O000OEJ[ erTT0UT o
OOOOOOE[err]OO 00000 r Q0Q5[£erid 0
000000E] er r ] 00 %gééf‘e]ro??é:o%goooooeg[ J{eér r?mo%lo%O%OB%EFSFr fogtxPm.
OOOOOOE[err]OOtorque) O0OO0O0OE[ err] 00 . 240000E+01 . 480000E+01

. 720000E+01 . 970000E+01 111000E+02 122000E[err]02
134000E[err]02 146QQ0E+Q2 . 158000E+02 16900Q0E+02

179000E+02 . 187000B368 1DokBeOREESeNS RNty rathier than XsHdshEe02
. 214000E][ err] 020n3200@0ERe F11h6€10r 250 Ol 0% .1w&33Q00Ehesr h02= 5, (rpm)

. 240000E[ err] 0 g@goooaog 249000E+02 256000E[ err] 02 . 261000E] err] 02
. 275000E+02 . 2 202 ©383B00E+02 . 315000E[ err] 02 . 328000E+02

RPM 1,
Ry M1
R, P

R, UE

interpolation of this table is employed to get %, (rpm).



!
. 34000QE+02

. 388000E+02
. 320000E+02
. 171000E+02

OOOOOOE[err]OO OOOOOOE[err]OO OOOOOOE[err]
0000O0OE[ err] 00 . 000000E+00 OOOOOCE+00

. OO000CCE+00

111000E[err]02
. 169000E[ err] 02 .

. 208000E+02
. 240000E+02
. 275000E+02
. 340000E+02
. 388000E+02
. 320000E+02
. 171000E+02

02
. 245000E+02 . 248900ELERE g% 256000E+02 . 261000E+02
. 290000E+02. 0
. 35 HA0BEHAR £ e 860000 21 FTISDSYHO L5 7 SO00RIAr Mdd1e
. 396@Q006r08 H3¥BEPPEEEIT ] 0fkgBESIMOCE+02 . 34 M oa+d D2
. 30 000EEeEy] 0. /8dT0POEEEY f W02 = 253000E+02. 6 RRMRHEH02
. 114000B£0par580800& eindH] NPLGO000E] er r | OB CRBRAARE2eT r | 00

. 351000E[ err] 02 .360000E[err]0§ ..370000F[ err] 02 378000F[err].02

. 396000E+02 . 378000E+02 . 359000E+02 . 341000E+02 RE NT

. 301000E[ err] 02 .277000E[ err] 02 . 253000E[err]02D

. 114000E[ err] 02 . 580000E+01 200000E[err]00 00QO0QOE[ err] 0
cit 19990

) 000000E[ err] 00 0)oeob
+00 00000O0E] er |

ed bl

. 240000E+01 . 480000E+01 . 7RPPENEEDIB . 970000E[ er 1 1

122000E+02 134 tF, @QQQ%ﬁQZDA%QBOOOE[errln?
179000E+02 . 187 err[02 . 195000E+02 . 201000E] er r] 02
- 2140Q0F+92 1. 839999€+92taZQJQOQE?Q%xtﬁﬁé

%tterles,

303000E[err 315000E[err]02 328000E+02

cell amp-hours @ C/3, C3 = .833000E+01

cell cutoff voltage comp.l, DCOV1 = .190000E+01
cell cutoff voltage comp.2, DCOV2 = .397500E+01
no. of (DOD, NLV) data pairs = 9
.000 ©2.050
.050 2.070
.100 2.080
.400 2.080
.500 2.070
.600 2.068
.700 2.058
.800 2.035
1.000 1.935
no. of (DOD,R) data pairs = 8
.000 .495E-01
.050 .383E-01
.100 : .371E-01
.200 .371E-01
.400 .383E-01
.600 .404E-01
.900 .457E-01
1.000 .468E-01
Regen (DOD,NLV) data pairs = 5
.000 2.080
.250 2.070
.500 2.060
.750 2.050
1.000 1.950
Regen (DOD,R) data pairs = 5
.000 .350E-01
.250 .370E-01
.500 .370E-01
.750 .380E-01
1.000 .780E-01
battery parameter, G1 = .000000E-00

DQGP 1205.1-+-02/07/96 3:00pm




25 000000E[ er r] 00 000000E[ er r] 00 000000E[ er r] 00 000000E er r] 00
000000E] er r] 00 000000E] er r] 00 000000E] er r] 00 000000E] er r] 00
000000E] er r JO0 OOU000E] er 7100~ 000000E[ err] 0

QEP-AC¥NEQHESH%ET

. 480000E[ er r | THis ShZa? ERMRE{ephde@1 . 970000E] err] 01

. 122000E[ err] 0 r]02 . 146000E+02 . 158000F][ er) T e
. 169000E+02 . 1 000E+02 . 195000E] err]02 . 201000g][ rr]ag
. 208000E] err] 0 102 . 22000088err] 02 . 227000E+407 . 533485883

. 240000E[ err] 02 . 245000E+02 249000E[err]02 256000E+02 A2 1DOOF+02

. 275000E[ err] 02 . 290000F][ err] 02 . 303000E[ err] 02 . 315000E[ err] 02 328000E+0
. 340000E[ err] 02 . 351000E+02 360000E[err]02 370000E+02 .

. 388000E+02 . 396054021 3%8Q00E+02 . 359000E] err] 02 . 341000E+02
. 320000E[ err] 02 . 301000E+02 , 277000E+ 00 7000E£02.
. 171000E[ err] 02 . 114000EP8r r {829 %8668%@ é%gg gﬁ%%BE 6%9006g§bﬁ &7 r1 00
OOOOOOE[err]00ﬂﬂﬁ@ﬂ@®§[eri]@@te®0®ﬁﬂﬁﬂ[éﬁPF9830€0ﬂHHE[éFWPG@SLOEOOOOE+OO

35 000O000E[ er kkARs 0080 Ok earvi]0 pale o 0oH ey |da@ a0806f0Eher r ] 00
00000O0E[ err.] 00 . 000000E+00 . 240000E+01 . 480000E+01

. 720000E+07 . 97O FEOTa9e SYSLEMi ™ 111000E+02 . 122000E+02 134000E+02

. 146000E+02 . 158000F[ er r p@2ns for storing a plurallty of driving profile

data sets;

iy

selection means for selection by the driver of
one of said driving profiles;

10 -calculation means connected to the receiving
means and storage means for calculating.enexgy storage
system exhaustion based on the selected driving profile;
and,

output means to display.the energy storage

15 system exhaustion calculation to the driver.

2. An energy management system as defined in claim
1 wherein the driving profiles include predetermined data

for standard driving modes.
20

3. An energy management system as defined in claim
1 wherein the driving profiles include data supplied by a
vehicle navigator for route segments between a present
position and a desired destination.
25 S
4. An energy management system as defined in claim
1 further comprising means for storing energy storage
system status data from the receiving means as a function
of time and wherein the driving profiles include memorized
30 energy storage system power consumption data stored by the

energy storage system data storage means.

S. An energy management system as defined in’'claim

1 wherein the energy storage system comprises a battery,

35 further comprising controllable means for charging the
battery and wherein the calculation means includes means

for determining a battery charging profile based on the

I
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energy storage system statds data and means for

controlling the charging means to match the charging
profile.

6. An energy management system as defined in claim
1 wherein the output means comprises a menu-driven display

and the selection means comprises interactive selection
keys for the menu.

7. An energy management system as defined in claim
1 further comprising vehicle system Status sensors
receiving data on parameters effecting energy consumption
by the vehicle, said sensors connected to the calculation
means and wherein the calculation means includes means for
comparing sensor inputs for detection of inefficient
energy consumption and means for disp.aying on the output

means such identified inefficiencies.

8. An energy management system as defined in
claim 7 further comprising control means for disengaging
vehicle subsystems and wherein the calculation means
further comprises means for activating the control means

responsive to detected energy inefficiency.

9. An energy management system as defined in claim
1 wherein the energy storage system comprises multiple
storage elements with differing rates of charge and
discharge, further comprising means for controllably
directing regenerated energy from braking of the vchicle
to a selected one of the storage systems and wherein the

calculation means includes means for controlling the
directing means.

L
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. 855000E] err] 02 . 863000E+02 . 86%3@REKesrbARcE875000E+02 . 861000E] err] 02
. 847000E+02, ; 832000E+02 . 818000E+02 . 803000E+02 . 789000E+02

. 774000E+02PP9BB®BBE err] 02  745000E] er r] 02,7 731000E+02 . 718000E+02

. 703000E+02 . 689006 Bl 916 HGOAEENORL . HEIH0E6HPY i6480a0EAR tronic
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0870005057 ERSH00 EF %]%é N 230005+02 e6§OOOOE errjoz . Soaan%,
linited energy storage A variety of sensors 1nc1ud1ng

battery sensors 18, temperature sensor 20, current sensor
22, temperature sensors 24, 26, 28, 30, speed sensor 32,
accelerometer 34, and ignition switch 36 provide
information for the Enefgy Management System to derive
control parameters for the systems. Automatic control of
heating and air conditioning system 56, external lighting
system 58 and the operation of motor controller 54 as well
as display of information, status and queries to the
driver are controlled by the Energy Management System and
range and navigation recommendations are made based on
predefined driving profiles maintained in the system.

Figure 1
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-33- 1 Havi ng now described the invention in detail as

required by the patent statute, those skilled in the art w | |
recogni ze nodifications and substitutions to the enbodi nent di scl osed
herein Such nodifications and 5 substitutions -are within the scope and
intent of the i nvention as defined in the follow ng clains. 10
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What is clained is: 1. An ener gy managenent system for vehicles
enploying a limted energy st orage system conpri sing:
for receiving power status data fromthe energy storage sy,

means for storing a plurality of predeterm ned driving prC)R&RtAﬁHM
expect ed vehicl e performance; sel ection neans for sglE
driver of one of said driving profiles; cal cul ationyng
to the receiving neans and storage neans for cal cul
the linmited energy storage system bdd&d on the sel ecit *
profile; and, out put nmeans to display the range calc Iatlon
driver.
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2. An energy-nanagenent system as defined in claim1 wherein the driving
ng cycles. 3.

profiles include predeterm ned data for standard dri vi
ener gy managenent systemas defined in claim1l further
means for storing energy storage systemstatus data f
means as a function of tinme and wherein the driving p
menori zed energy storage system energy consunption da
vehicle trips stored by the energy storage systemsta
nmeans. 4, An ener gy managenent system as defi ned
the limted energy storage sygjgm conprises a
conprising controllable means for charging the
t he cal cul ati on nmeans i ncl udes v

Fig-5b
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means to match the charging profile. 5. An ener gy
defined in claim1 wherein the output means co

di splay and the sel ection neans
for the nenu.

means for determning a battery charging profile based on the energy
storage system status data and nmeans for controlling the battery charging
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35 6. An ener gy nanagenent'systen1as defined in claim1 wherein the

limted energy storage systemconprises nultiple stoLage_eLenaan——— :
with differing rates of charge and di scharge, furt R&pgqmquNTrSHEET _

means for controll ably directing regenerated energ Fef-pr-akr Ty O
t he vehicle to a sel ected one of

the storage el enemt$ 3ngowﬂ§r@¥2
cal cul ati on nmeans includes neans fdi8 _ controlling theld d

7. An ener gy nanagemnent systgglas deflned in claimi1 flutther .conprising:
a plurality of vehicle subsystefr8®n£d856f0or determi ning subsysten1status

and a second plurality of environnental sensors for recei geta—on

paraneters effecting energy consunptijon by the vehicle said subsystem
sensors and environnental sensors conpected.ta the calculatien—eans and
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wherein the cal cul ati on neans includes neans for conparing inputs from
sai d subsystem sensors and-said environnental sensors for det ection of
predet ermi ned i nconsi stenci es between at | east one of sai
sensors and at | east one of said vehicle subsystem sensor REﬂﬂAﬁE
_inefficient energy consunption by a vehicle subsystem and jngars™Tor
di spl ayi ng on the output neans a nessage reflecting such detle qd

i nefficient energy consunption. 8. Ap,gner gy nanagene ;i eAp%s
defined in claim7 further conprising control neansj f i-saptt11y
vehi cl e subsystens and wherein the cal cul ation mean further
conpri ses neans for activating the control neans responsiv To

detected energy inefficiency. /sq%é@renegggzﬂa agenent system for
vehicles having limted energy Ei%hﬁgezn7z%%%¢¢0 rising: a
plurality of vehicle sulgysaem| Sepsons{ereadeteynini ng subsyst em st at us
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and a second plurality of environmental sensors receiving data on
parameters affecting energy consunption by the vehicle; a

cal cul ation neans for comparing inputs fromsaid subsystem sensors and
said environnental sensors for detection of a predeterm ned
between one of said subsystem sensors and one of said eqg; N@ﬁﬂﬂﬂ
sensors indicating inefficient energy consunption by a e—~subsyst e
and
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36 | means for providing a signal output responsive to detection of

i nefficient ener gy consunpti on. 10. An energy nanagenment system

as defined in claim9 wherein the signal out put providing neans is

interactive with a driver of the vehicle and

means- connected to the cal cul ati on neans for display

concerning said inefficient energy con%gyR;ion and
rectify the inefficient energy consunption. 11. An

system as defined in claim9 wherein the signal

means conprises neans for directly controlling vehicle’

COWWRIEPL%CEMEW Eb

said controlling means responsive to said cal cul ati on mgans.
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12. An ener gy managenent system for veh

cles enploying a limted energy

storage system conpri ses: means for receiving power status data. T
fromthe energy storage system means for storing
predeterm ned driving profiles including data supp E&l ENTQ“‘Eé.
navi gator for route segnents between a present pos tfon and a
desired destination; sel ect tensneans for selectionjby Bheg 1ﬁh 3@9
one of said driving profiles; ' cal cul ati on means cofndcted to the
recei ving nmeans and storage neans for cal culating rlargg&tor the
limted energy storage system based on the sel ect ed drivi ng.jprofit-e-
and out put nmeans to display the range calculation to the driver.
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-37- APPENDI X B .EXAMPLE OF
BATTERY DATA TABLE D.1 Default Data Set for Sodium Sul fure Batteries,

1988 Technology Na/S battery - 1988 Technol ogy: CSPL 24-cell nodule w

a battery cell, (kg), WC . 120000 err] 00 REPLACEMENT SHEET
' 31 JuL 1999
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accessory w. /ceII
strings, NPS =
. 833000E+01 cel |

(kg),

cut of f vol t age conp. 2, DCOV2

pairs =
. 050
. 400
. 600
. 800

W =
. 300000E+02 cel |
cutof f voltage conp. 1, DCOV1 =

anp-hours @C 3, C3

. 600000E- 01 no. of paﬁ@UﬂEMtl\ﬁ Sﬁ

. 190000E}#0)L cel la}ﬂ)d_ 109

= .397500E+01 no. of (DOD,|NLV3 U
9 . 000 2. 050
2.070 . 100 2. 080
2. 080 167 00 2. 0kQ
2. 068 00 2. 055
2.035 1. 000 TRYFIB. ED
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no. of (DOD,R) data pairs = 8
. 495E- 01 . 050 . 383E-01

.371E-01 . 200 .371E-01
. 383E-01 . 600 . 404E-01
. 457E-01 1. 000 . 468E- 01 Regen { OOD, NL
pairs = 5 . 000
. 250 2.070 .500 /13 .
. 750 2. 050 1.0 6 . 950 Regen
(DOD, R) data pairs = 5
5
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. 000
. 500
1. 000
000000E- 00

. 350E-01
. 370E-01

. 780E-01 battery paraneter, G
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What is claimed is:
1. An energy management system, for vehicles employing a limited energy

storage system, comprising:

means for receiving power status data from the energy storage system;
means for storing a plurality of predetermined driving profiles to model
expected vehicle performance;

selection means for selection by the driver of one of said driving profiles;
calculation means connected to the receiving means and storage means for
calculating range for the limited energy storage system based on the
selected driving profile; and,

output means to display the range calculation to the driver.

2. An energy management system as defined in claim 1 wherein the driving

profiles include predetermined data for standard driving cycles.

3. An energy management system as defined in claim 1 further comprising

means for storing energy storage system status data from the receiving
means as a function of time and wherein the driving profiles include
memorized energy storage system energy consumption data from previous
vehicle trips stored by the energy storage system status data storage
means.

4, An energy management system as defined in claim 1 wherein the limited

energy storage system comprises a battery, further comprising controllable
means for charging the battery and wherein the calculation means includes
means for determining a battery charging profile based on the energy
storage system status data and means for controlling the battery charging
means to match the charging profile.

5. An energy management system as defined in claim 1 wherein the output

means comprises a menu-driven display and the selection means
comprises interactive selection keys for the menu.

I
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An energy ménagement system as defined in claim 1 wherein the limited
energy storagé system comprises multiple storage elements with differing
rates of charge and discharge, further comprising means for controllably
directing regenerated energy from braking of the vehicle to a selected one of
the storage elements and wherein the calculation means includes means for
controlling the directing means.

An energy management system as defined in claim 1 further comprising:

a plurality of vehicle subsystem sensors for determining subsystem status
and a second plurality of environmental sensors for receiving data on
parameters effecting energy consumption by the vehicle said subsystem
sensors and environmental sensors connected to the calculation means and
wherein the calculation means includes means for comparing inputs from
said subsystem sensors and said environmental sensors for detection of
predetermined inconsistencies between at least one of said environmental
sensors and at least one of said vehicle subsystem sensors indicating
inefficient energy consumption by a vehicle subsystem and means for
displaying on the output means a message reflecting such detected
inefficient energy consumption.

An energy management system as defined in claim 7 further comprising
control means for disabling vehicle subsystems and wherein the calculation
means further comprises means for activating the control means responsive
to detected energy inefficiency.

An energy management system for vehicles having limited energy storage
comprising:

a plurality of vehicle subsystem sensors for determining subsystem status
and a second plurality of environmental sensors receiving data on
parameters affecting energy consumption by the vehicle;

a calculation means for comparing inputs from said subsystem sensors and
said environmental sensors for detection of a predetermined inconsistency
between one of said subsystem sensors and one of said environmental
sensors indicating inefficient energy consumption by a vehicle subsystem;
and

Ty
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11.

12.
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means for providing a signal output responsive to detection of inefficient
energy consumption.

An energy management system as defined in claim 9 wherein the signal
output providing means is interactive with a driver of the vehicle and
comprises a display means connected to the calculation means for display
of information concerning said inefficient energy consumption and
recommendations to rectify the inefficient energy consumption.

An energy management system as defined in claim 9 wherein the signal
output providing means comprises means for directly controlling vehicle
subsystems, said controlling means responsive to said calculation means.

An energy management system, for vehicles employing a limited energy
storage system, comprises: '

means for receiving power status data from the energy storage system;
means for storing a plurality of predetermined driving profiles including data
supplied by a vehicle navigator for route segments between a present
position and a desired destination;

selection means for selection by the driver of one of said driving profiles;
calculation means connected to the receiving means and storage means for
calculating range for the limited energy storage system based on the
selected driving profile; and

output means to display the range calculation to the driver.

* c L M s *
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ENERGY MANAGEMENT SYSTEM FOR VEHICLES HAVING LIML‘?‘B‘D’
ENERGY STORAGE
Abstract
The Energy Management System comprises an electronic
module 10 which incorporates a microcontroller 12 as a
calculation engine and means for controlling various
systems of an electric vehicle or other vehicle having
limited energy storage. A variety of sensors including
battery sensors 18, temperature sensor 20, current sensor
22, temperature sensors 24, 26, 28, 30, speed sensor 32,
accelerometer 34, and ignition switch 36 provide
information for the Enefgy Management System to derive
control parameters for the systems. Automatic control of
heating and air conditioning system 56, external lighting
system 58 and the operation of motor controller 54 as well
as display of information, status and queries to the
driver are controlled by the Energy Management System and
range and navigation recommendations are made based on
predefined driving profiles maintained in the systemn.

Figure 1
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What is Claimed Is: ««ﬂ?L7v
1. An energy management system, for vehicles

employing a limited'energy storage system, comprising:

means for feceiving power status data from the
energy storage system;

means for storing a plurality of driving profile
data sets;

selection means for selection by the driver of
one of said driving profiles;

-calculation &eans connected to the receiving
means and storage means for calculating_ energy storage
system exhaustion based on the selected driving profile;
and,

output means to display.the energy storage
system exhaustion calculation to the driver.

2. An energy manaéement system as defined in claim
1 wherein the driving profiles include predetermined data
for standard driving modes.

3. An energy management system as defined in claim
1 wherein the driving profiles include data supplied by a
vehicle navigator for route segments between a present
position and a desired destination.

4. An energy management system as defined in claim
1 further comprising means for storing energy storage
system status data from the receiving means as a function
of time and wherein the driving profiles include memorized
energy storage system power consumption data stored by the
energy storage system data storage means.

5. An energy management system as defined in claim
1 wherein the energy storage system comprises a battery,
further comprising controllable means for charging the
battery and wherein the calculation means includes means

for determining a battery charging profile based on the
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energy storage system status data and means for

controlling the charging means to match the charging
profile.

6. An energy management system as defined in claim
1 wherein the output means comprises a menu-driven display
and the selection means comprises interactive selection
keys for the menu.

7. An energy management system as defined in claim
1 further comprising vehicle system 'Status sensors
receiving data on parameters effecting energy consumption
by the vehicle, said sensors connected to the calculation
means and wherein the calculation means includes means for
comparing sensor inputs for detection of inefficient
energy consumption and means for disp.aying on the output

means such identified inefficiencies.

8. An energy management system as defined in
claim 7 further comprising control means for disengaging
vehicle subsystems and wherein the calculation means
further comprises means for activating the control means

responsive to detected energy inefficiency.

9. An energy management system as defined in claim
1 wherein the energy storage system comprises multiple
storage elements with differing rates of charge and
discharge, further comprising means for controllably
directing regenerated energy from braking of the vchicle

to a selected one of the storage systems and wherein the

calculation means includes means for controlling the

directing means.
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