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VEHICLE REGENERATIVE DECELERATION ACTUATOR AND 

INDICATOR SYSTEM AND METHOD  

Background 

1. Field of the Invention 

[001] The present invention generally relates to electric and hybrid vehicles with a regeneration 

mode, and is particularly concerned with a regeneration mode actuator and indicator system and 

method for such vehicles. 

2. Related Art 

[002] Various braking systems and indicators for such systems are known for various types of 

vehicle, including traditional gas driven vehicles, hybrid vehicles, and electric vehicles. One 

problem with existing brake lights is that they are only turned on when the driver applies 

conventional friction brakes. They are not activated when the vehicle slows down for some other 

reason. 

[003] An electric or hybrid vehicle automatically switches into a regeneration mode 

periodically as controlled by the electronic control unit (ECU) based on detected vehicle 

conditions, but the driver can also initiate regeneration either by applying the brakes or shifting 

the vehicle into low gear. Drivers of electric or hybrid vehicles sometimes shift the vehicle into 

low gear to slow the vehicle while increasing efficiency by delivering power to the storage 

battery of the vehicle. However, a driver following a conventional hybrid or electric vehicle 

which is operating in regenerative mode without conventional brake application has no 

indication that the vehicle is decelerating.  

[004] Some prior vehicle indicators are designed to be actuated on detection of slowing of a 

vehicle resulting from either traditional friction braking or other types of deceleration, for 

example due to gear shifting. However, these systems do not discriminate between slowing as a 

result of applying conventional vehicle brakes and slowing for other reasons, for example as a 

result of initiation of the regeneration mode in a hybrid or electric vehicle. 
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[005] Electric vehicles are designed to mimic the slowing that occurs in gasoline powered 

vehicles with an automatic transmission.  In electric vehicles, the drive gear slowing sensation 

(referred to as leakage) and low gear slowing (measured and speed dependent) are exclusively 

done with the regenerator. In the case of low gear, the regenerator is taken close to saturation or 

maximum output of the regenerator.  An additional slowing, intentional or not, reduces the 

kinetic recovery potential and thus the overall efficiency of the vehicle. 

[006] Driving an electric vehicle in low gear is unofficially stated as an option by 

manufacturers. The problem with this mode of electric vehicle use is that the efficiency of just 

coasting above leakage at all times when not accelerating is continuously reduced by the slowing 

of low gear, and encounters the unnecessary inefficiencies of the kinetic conversion to electric 

power. Vehicle operators with regenerators are not encouraged to maximize the regeneration 

feature with modulation of the brake pedal. A brake pedal that utilizes regeneration does so in 

conjunction with conventional braking. The operator experience is intentionally seamless. That 

is, the primary consideration is stopping with an expected vehicle slowing feedback to the 

operator.  This offers some kinetic recovery efficiency, but normally involves unnecessary 

application of conventional frictional brakes. 

3. Summary of the Invention 

[007] Embodiments described herein provide for an independent driver-operated actuator for 

initiation of the regeneration mode in an electric or hybrid vehicle, as well as an indicator 

separate from the conventional brake lights which is actuated on detection of regenerative-only 

(regen-only) slowing or deceleration of the vehicle. 

[008] In one aspect, an indicator system for regenerative slowing of a hybrid or electric vehicle 

is provided, which comprises at least one regen-only slowing indicator positioned on the rear of a 

vehicle in addition to the conventional vehicle brake lights, a vehicle deceleration module 

configured to monitor deceleration of the vehicle and provide a deceleration output signal, a 

vehicle braking module configured to detect application of the conventional vehicle brakes, and  

an indicator control module connected to the deceleration module and braking module and 

configured to actuate the regen-only slowing indicator when the vehicle deceleration exceeds a 

predetermined value above coasting and the conventional vehicle brakes are not applied. In one 

embodiment, the indicator control module also monitors the regeneration status of the vehicle 
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and actuates the regen-only slowing indicator only if the vehicle is in the regeneration mode, the 

predetermined deceleration value is exceeded, and the conventional or friction brakes are not 

applied.  

[009] According to another aspect, an independent, hand-operated regen mode actuator such as 

push button or rotary switch is provided at a convenient position in the vehicle and is linked to 

the existing vehicle electronic control unit (ECU) to initiate regenerative slowing when actuated 

by an operator of the vehicle. This regen mode switch may also provide a signal to the indicator 

control module to initiate deceleration monitoring by the deceleration module and illumination of 

the regen-only slowing indicator light when the vehicle deceleration exceeds the predetermined 

value without application of the conventional vehicle brakes. In this way, drivers following the 

vehicle can determine that notable deceleration is occurring without application of the 

conventional friction brakes. The regen-only slowing indicator is extinguished upon normal 

braking, after which only the conventional brake lights are illuminated. The regen-only slowing 

indicator may also be turned off automatically after a predetermined time interval, and is turned 

on again if the regen indicator control conditions are still in effect, i.e. if deceleration still 

exceeds the predetermined amount while the vehicle is in a regeneration mode and the 

conventional brakes are not applied.  

[010] The driver-operated, independent regen mode switch may be provided on the steering 

wheel, the dashboard, the gear lever, or at any other convenient location. This provides a 

convenient, independent control switch, allowing the driver to utilize the operational efficiency 

of a regenerator in an electric or hybrid vehicle without having to either engage a low gear or 

press the brake pedal. 

[011] One or more deceleration indicator lights may be provided on the rear of the vehicle, and 

in one embodiment an array of two or more lights for indicating regen-only deceleration may be 

provided below the third brake light on a vehicle.  The deceleration indicator lights are always 

off when the brake lights are illuminated. In one embodiment, the third brake light and regen-

only slowing indicator may be provided in a single unit mounted at an appropriate height in the 

rear center of the vehicle. 

[012] According to another aspect, a method of indicating slowing of an electric or hybrid 

vehicle without application of conventional brakes is provided, which comprises detection of   
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deceleration of the vehicle exceeding a predetermined level when the vehicle is operating in a 

regeneration mode, determining whether the conventional brakes have been applied, actuating a 

deceleration indicator separate from conventional vehicle brake lights only if the predetermined 

deceleration level is exceeded without application of the conventional vehicle brakes, and 

turning off the deceleration indicator if the conventional brakes are applied. 

[013] In one embodiment, the deceleration indicator may also be turned off on expiry of a 

predetermined time interval, and is turned on again only if the predetermined conditions of 

deceleration exceeding the predetermined level without application of the conventional brakes 

while in the regeneration mode are still present. 

[014] This system and method provides enhanced safety by adding a brake-like indicator of 

vehicle slowing as a result of so-called regenerative braking in an electric or hybrid vehicle 

which is only actuated when the conventional brake lights are not lit. The system may also 

include an independent regeneration control input for operation by the driver to initiate 

regenerative slowing independent from operation of the vehicle brake and gears. 

[015] Other features and advantages of the present invention will become more readily apparent 

to those of ordinary skill in the art after reviewing the following detailed description and 

accompanying drawings. 
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Brief Description of the Drawings 

[016] The details of the present invention, both as to its structure and operation, may be gleaned 

in part by study of the accompanying drawings, in which like reference numerals refer to like 

parts, and in which: 

[017] FIG. 1 is a schematic diagram illustrating one embodiment of a vehicle regenerative 

deceleration actuator and indicator system which controls actuation of a regenerative braking 

indicator; 

[018] FIG. 2 is a perspective view of the rear of a vehicle illustrating one embodiment of the 

vehicle regenerative braking or deceleration indicator of FIG. 1;  

[019] FIG. 3 is a front elevation view illustrating the regenerative braking indicator light array 

of FIG. 1 combined with an adjacent third brake light; 

[020] FIG. 4 is a perspective view of the driver console inside a vehicle indicating options for 

placement of the driver-operated, independent regeneration mode actuator switch of FIG. 1;  

[021] FIG. 5 is a flow diagram illustrating the steps in one embodiment of a method for 

controlling actuation of the regenerative deceleration indicator in the system of FIGS. 1 to 4; 

[022] FIG. 6 is a graph illustrating gravity or g-force versus vehicle speed in various 

deceleration modes; and 

[023] FIG. 7 is a flow diagram illustrating an alternative method for controlling actuation of 

the regenerative braking or deceleration indicator of FIGS. 2 and 3. 
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Detailed Description 

[024] Certain embodiments as disclosed herein provide for a vehicle regenerative deceleration 

indicator system and method which may also incorporate a regenerative braking control button 

or actuator for convenient operator control of the regenerative mode of operation of an electric or 

hybrid vehicle. 

[025] After reading this description it will become apparent to one skilled in the art how to 

implement the invention in various alternative embodiments and alternative applications. 

However, although various embodiments of the present invention will be described herein, it is 

understood that these embodiments are presented by way of example only, and not limitation.  

As such, this detailed description of various alternative embodiments should not be construed to 

limit the scope or breadth of the present invention. 

[026] FIG. 1 illustrates a first embodiment of a vehicle regenerative deceleration or braking 

indicator system 50 in which an additional regen slowing or deceleration indicator or light 4 at 

the rear of an electric or hybrid vehicle 1 is controlled to turn on when vehicle deceleration 

above a predetermined level is detected without application of conventional friction brakes, 

while FIG. 5 is a flow diagram illustrating the method steps carried out by the system of FIG. 1.  

FIGS. 2 and 3 illustrate possible locations for deceleration indicator light or light array 4, while 

FIG. 4 illustrates possible locations in a vehicle for an independent, driver-operated regenerative 

control switch 7 of FIG. 1.  

[027] In the embodiment of FIGS. 1 to 5, indicator 4 is turned on if the vehicle is in the 

regenerative mode of operation, a predetermined deceleration level is detected, and the 

conventional brakes are not applied, i.e. the conventional side brake lights 2 and the third brake 

light 3 are off.  The regen-only deceleration or slowing indicator 4 may be mounted directly 

below third brake light 3 as illustrated in FIG. 2.  In one embodiment, the regenerative or “regen” 

deceleration indicator comprises an array of three indicator lights 6 mounted below the 

conventional third brake light 3 in a combined light assembly or unit 8, as illustrated in FIG. 3. 

The third brake light 3 now required by U.S. automotive safety standards is typically located on 

the centerline and above the brake lights 2. Due to the variability of automotive styling between 

manufacturers, an alternate location 5 of the third brake light 3 and regeneration light 4 

combination is also shown in FIG. 2.  
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[028] In one embodiment, regenerative braking indicator light 4 comprises multiple elements 

that are equal red and orange in color and reside in an array below the center high “third brake 

light,” offering a distinct off red color different from the conventional red brake light 3 located 

above light 4, with an  illumination value equal to the “third brake light.”  In one embodiment, 

the light or lamp array 4 comprises a plurality of LEDs in a series/parallel configuration, as 

illustrated in FIG. 1.   

[029] In one embodiment, a regeneration mode actuator switch or control button 7 is located on 

the steering wheel 20 or on the gear shift handle 22, as illustrated in FIG. 4, or may be located at 

some other convenient location such as on the dashboard or driver control panel, for operation by 

the driver in order to engage regeneration. Alternatively, two switches or buttons 7 may be 

provided at different locations.  Currently, a vehicle operator of a hybrid or electric vehicle can 

only initiate regeneration by pressing the brake pedal or engaging electric low gear. Independent 

operator engagement of regenerative braking can increase vehicle efficiency, and an 

independently accessible control switch for initiating regeneration in order to slow the vehicle 

makes such efficiency improvements more readily accessible.  

[030] As noted above, FIG. 1 illustrates a control circuit or system 50 for controlling actuation 

of the regenerative deceleration indicator light or lamp array 4, while FIG. 5 is a flow diagram 

illustrating a method of operation of the system of FIG. 1 to control actuation of deceleration 

indicator light or lamp array 4 of FIGS. 2 and 3.  The method of FIG. 5 is carried out by 

controller or microprocessor 10 of FIG. 3 based on output signals from regeneration module 12, 

brake pedal switch or detector 13, and deceleration detection module or accelerometer 11. 

[031] The control electronics circuit of FIG. 3 includes microprocessor 10, deceleration 

detection module or accelerometer 11 having an output 18 connected to a first input of 

microprocessor 10, regeneration module 12 having an output 24 connected to a second input of 

microprocessor 10, and brake pedal detection module or switch 13 having an output 25 

connected to a third input of microprocessor 10. Microprocessor 10 has an output 26 connected 

to deceleration indicator module 15 including deceleration indicator 4 via power MOSFET 14, 

which is rated to the current and voltage requirements of the deceleration indicator or lamp array 

4. A voltage regulator 9 of sufficient electrical current carrying capacity to reduce the vehicle 
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battery voltage to the operating level of the electronic components is connected between the 

vehicle battery and the power input VCC of microprocessor 10.  

[032] The core of the circuit is a microprocessor 10 with a minimum requirement of two digital 

inputs, one analog input with analog to digital converter with a resolution of at least ten bits, and 

one digital output. The microprocessor is programmed by software, hardware, or both hardware 

and software to execute the control method of FIG. 5, as described in more detail below. In one 

embodiment, the deceleration detection module comprises a solid state MEMS accelerometer 11 

designed to sense up to 1G with analog output 18 connected to the microprocessor analog input 

via a low pass filter so as to match the input range of the microprocessor.  The accelerometer 11, 

microprocessor 10, voltage regulator 9, and MOSFET 14 may all be provided in one control unit 

or box 16 mounted at a suitable location in the vehicle and connected via wiring as indicated in 

FIG. 3 to the regeneration switch module 12, the brake pedal detection or switch module 13, and 

the deceleration indicator module 15 or deceleration light assembly 4.  

[033] The regeneration module is responsive to operator closing of control button or switch 7 to 

provide output 24 connected to the second microprocessor input, and an output 28 connected to 

the vehicle electronic control unit (ECU) for initiation of the regeneration mode.  In one 

embodiment, driver-operated control switch 7 is a double pole, single throw switch as illustrated 

in FIG. 1, but other switches may be used in alternative embodiments.   

[034] Brake pedal detection module 13 comprises a brake pedal switch 29 positioned to detect 

application of the vehicle’s conventional friction brakes, for example by detecting depression of 

the brake pedal, but any suitable device for detecting conventional brake actuation may be 

provided in alternative embodiments.  

[035] In one embodiment, deceleration indicator module 15 comprises a plurality of light 

emitting diodes in series/parallel configuration and located in the vehicle rear indicator 

deceleration light assembly 4 of FIGS. 2 and 3.  In this embodiment, the light array 4 comprises 

three sets of three diodes connected in series (D1, D2, D3; D4, D5, D6; and D7, D8, D9) and the 

three sets of diodes are connected in parallel.   

[036] As noted above, FIG. 5 illustrates the program steps carried out by microprocessor 10 

based on inputs from the various detector modules. Upon program initiation or start 30, the 

microprocessor has a default condition in which the regen deceleration indicator 4 is OFF. The 
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program will poll the driver-operated regeneration mode actuator switch 7 for a qualifying state 

(step 32).  If initiation of regeneration mode via switch 7 is not detected, the program returns to 

start/indicator off (34). If a regeneration state is detected, the program polls the status of the 

brake light or brake pedal switch 29 in step 35.  If the brake pedal switch is closed, i.e. the brake 

light is ON, then regen deceleration indicator 4 remains OFF (36) and the program returns to 

start (38). If the brake light 2 is not on, which is the qualified state, the accelerometer is queried 

in step 40. The qualifying state of the accelerometer 11 is a reading greater than a predetermined 

G force or GMAX. If less than the qualifying force, the regeneration light or lamp assembly 

remains OFF and the program returns to the start (34). Once the threshold is reached, the 

indicator is switched ON (step 42). The regeneration light assembly or indicator 4 remains on for 

a predetermined time period T1. After expiry of the predetermined time period (44), the 

deceleration indicator is turned OFF (45) and the system recycles back to the start (step 38).  

[037] The system recycles through the steps of FIG. 5 and continues to poll the state of the 

inputs, turning the regen deceleration indicator ON again if all qualifying conditions are met.  If 

a disqualifying state is detected, for example either a return to the non-regeneration mode of the 

vehicle or application of the brake pedal, the deceleration light assembly or indicator 4 is 

returned to OFF or remains OFF (step 34 or 36).  The system recycles and repeats the process 

until the next qualifying event.  The system incorporates a watchdog timer, error correction and 

safety overrides. In the event of the program inadvertently stopping for a period of 1 second, the 

program resets, indicator 4 defaults to OFF, and the system returns to normal operation. To 

prevent erroneous disturbing indications with erratic multiple inputs (4 inputs in 8 seconds) 

outside of the normal operating envelope, the program goes to a timeout and inhibits the regen 

deceleration indicator or light assembly 4 from returning to ON for a certain time period, for 

example 20 seconds, then returns to start.  

[038] The threshold point for activation of the deceleration indicator 4 in one embodiment was 

a GMAX of 0.07G, but different values may be used in other embodiments. The ON period T1 for 

the regen deceleration indicator or light assembly 4 was six seconds in one embodiment, but may 

be a longer or shorter time period in other embodiments or for different vehicles. The indicator 

light 4 therefore flashes on and off while the system is in the qualifying state of detected 

deceleration of greater than GMAX while the conventional brakes are OFF.  
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[039] The selected threshold point GMAX of 0.07G in the above embodiment was determined 

through experimentation, and the results are depicted in the graph of FIG 6. An electric vehicle 

was equipped with an accelerometer identical to accelerometer 11 of FIG. 1 and a recording 

device, and was driven through a test area of representative road conditions. The graph is a 

summery display of the G forces measured during various operating modes and speeds, 

specifically while coasting, while in regenerative operation mode, with application of the 

conventional friction brakes, and under hard braking conditions using conventional brakes. The 

testing was conducted to determine the threshold point where efficiency can be gained based 

upon recorded conditions of a vehicle equipped with a regenerator. The dotted line (COAST) in 

FIG. 6 illustrates typical G level while coasting. The measured force while the vehicle was 

coasting was consistently .02G at all speeds above 5MPH. Regenerative braking was measured 

through a series of progressive speeds simulating average driving conditions. The force 

measured was between 0.08G at 10MPH to 0.12G at 60MPH with an average measurement of 

0.1G. Conventional friction braking was also measured through a series of progressive speeds 

simulating average driving conditions. The force measured was between .15G and .20G when the 

brakes were applied and the brake lights were illuminated. The vehicle was put through a hard 

brake maneuver to define the limits of the braking force to determine the measurement range. 

Maximum braking force did not exceed .4G above 30MPH. The force measured gradually 

reduced to 0 below 10MPH. The conclusion of the testing resulted in selection of an optimal 

threshold point to illuminate the indicator, specifically around .07G, corresponding to a 

deceleration level above coasting, as illustrated by the solid horizontal line in FIG. 6. 

[040] In the foregoing embodiment, the regenerative braking or deceleration indicator 4 is a 

regeneration-only indicator, since it is only ON when the vehicle slows as a result of regenerative 

braking without application of conventional brakes. The regeneration-only indicator lights at the 

rear of the vehicle are turned ON only when a deceleration above GMAX is detected when the 

vehicle is in a regen mode and the conventional vehicle brakes are not applied. The braking 

indicator or light array 4 may be controlled to flash on and off, as described above, or may stay 

on until the regenerative braking conditions are no longer detected in alternative embodiments. 

The above embodiment is designed for a vehicle which has a convenient, driver-operated 

regenerative mode control switch 7 for actuation by the driver or operator.  
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[041] In an alternative embodiment, regenerative braking may be detected simply by detection 

of a deceleration above a predetermined G force or GMAX without detection of application of the 

conventional vehicle brakes, for example as illustrated in the flow diagram of FIG. 7. This 

alternative embodiment may be used for an electric or hybrid vehicle which has a driver-operated 

regen mode switch or control button 7, or for a vehicle which does not have such a switch 7 and 

only allows operator initiation of regen mode by engaging a lower gear or by pressing the brake 

pedal. 

[042] In the embodiment of FIG. 7, the output 24 from regeneration detection module 12 to the 

microprocessor 10 in FIG. 1 is eliminated, and the only control inputs to the microprocessor are 

the output 25 from brake pedal switch 29 and the output of deceleration detection module or 

accelerometer 11. The system is otherwise identical to that of FIG. 1.  The separate regeneration 

switch 7 and module 12 of FIG. 1 may be eliminated altogether in an alternative embodiment.  

[043] In this system, after startup of the engine (step 51), the detected G-force output of 

accelerometer 11 is monitored (step 52). If the detected G force is less than GMAX at step 54, the 

system returns to monitoring the accelerometer. If a G force of greater than GMAX (which may be 

0.07G as in the previous embodiment) is detected, the brake pedal switch is monitored (step 55), 

and if the conventional brake pedal is applied and brake light 3 is on, the system returns to start 

(step 50) and the monitoring continues. If no application of the conventional brake pedal is 

detected at step 55, the deceleration indicator or light assembly 4 is turned ON (step 56), and 

remains on until time T1 expires (step 58), after which the light assembly 4 is turned OFF (step 

60).  The system returns to the start position and the monitoring process described above repeats.  

[044] The deceleration detector in the above embodiments comprises an electronic inertial 

vehicle change of velocity detection device or accelerometer. In one embodiment, the 

accelerometer is a solid state device that has .01G sensitivity, offers resilience to unwanted 

vibration, and is not susceptible to mechanical deterioration. The solid state accelerometer offers 

a greater degree of sensing precision that is independent of roadway/engine off axis vibrations 

and deterioration of a mechanical measuring mechanism. 

[045] The regeneration-only actuation method provided by the manual (operator button) input 7 

to engage the regenerator, as described above, allows for more efficient use of the vehicle’s 

regenerator by adding an independent access circuit and device for the vehicle operator to easily 
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engage the energy recovery mechanism (regenerator) as a slowing device.  This new vehicle 

driving device is at the operator’s disposal for slowing the vehicle without using conventional 

braking. An operator that becomes familiar with the new regeneration actuator or control button 

can modify their driving pattern to increase vehicle operating efficiency, and may quickly learn 

the regenerative slowing capability of the vehicle, and intuitively develop an understanding of 

how to safely recover momentum while converting kinetic energy to electrical energy.  This may 

extend the range of an all-electric driven vehicle. The vehicle operator can choose whether or not 

to use the new regeneration mode control button to initiate energy savings and safely operate the 

vehicle, while motorists following the vehicle are alerted to the regen-only slowing condition. If 

the new driver-operated control switch is inadvertently used, motorists following the vehicle still 

receive an indication of slowing, and the slowing does not compromise operator control. 

[046] The control system in the above embodiments uses an accelerometer with programmed 

reviews of inertial measurements and brake status to qualify and turn on the regeneration-only 

deceleration indicator light, and also controls the illumination time as well as inhibiting 

unwanted activations.  

[047] The safety logic that prevailed with the advent of the “third brake light” is the same logic 

used here, to insure that motorists are aware as soon as possible when the vehicle is decelerating. 

Operation of the regeneration-only slowing indicator is based on a decision matrix that takes 

several vehicle operational factors into consideration to determine that a notable deceleration 

event is in progress that is not the result of conventional friction braking. The regeneration-only 

deceleration or vehicle slowing indicator 4 illuminates when a deceleration threshold above 

coasting occurs, which is an event that motorists following the vehicle should be aware of.  The 

regeneration-only indicator is turned off when the vehicle brakes are applied, and it is easy for 

motorists to distinguish between regenerative and conventional braking conditions.  The 

regeneration only indicator is intuitively interpreted by motorist as some sort of speed reduction 

indication due to the location below the third brake light with illumination intensity equal to that 

of the brake lights.  The regenerative slowing indicator 4 is off when the brakes are on so that 

there is no confusion with the familiar brake light, and what that light implies.  

[048] Currently, there is no indicator at the rear of a hybrid or electric vehicle to notify 

following vehicles that the vehicle is slowing as a result of regenerative braking. The foregoing 
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embodiments therefore enhance roadway safety with the addition of an indicator separate from 

the conventional brake lights to indicate a brake-like slowing of a vehicle as a result of switching 

into regeneration mode.  The system described above may be retrofitted easily on any vehicle 

equipped with a kinetic regenerator that can be independently initiated by the operator for the 

purpose of efficient power generating as well as slowing of the vehicle.   

[049] The embodiments described above allow a significant (empirically measured) efficiency 

to be leveraged from electric cars and others with regenerators by means of regeneration-only 

action which is conveniently and independently accessed by an operator controlled regeneration 

mode control switch 7 as described above, such as a readily accessible on-off button, rotary 

wheel, or the like mounted on the steering wheel, shift lever, or any other driver-accessible 

location, or in more than one such location.  This allows a simple hand motion to offer operator 

initiated regeneration-only for roadway slowing while the button is depressed, rather than from 

operation of the brake pedal or engaging low gear. Conventional brakes can be utilized if 

increased efficiency is not desired, without a deterioration of operational safety.  

[050] Inclusion of an operator initiated regenerator-only slowing as well as a regeneration-only 

slowing indicator may be provided in electric or hybrid electric vehicles, or in a gasoline engine 

vehicle where a regenerator is utilized in place of an alternator driven by the gasoline engine.  By 

isolating regenerative slowing from conventional braking with a brake pedal, an operator may 

simply maximize kinetic regeneration without generating heat from conventional friction 

braking.  

[051] Those of skill will appreciate that the various illustrative logical blocks, modules, 

circuits, and algorithm steps described in connection with the embodiments disclosed herein can 

often be implemented as electronic hardware, computer software, or combinations of both.  To 

clearly illustrate this interchangeability of hardware and software, various illustrative 

components, blocks, modules, circuits, and steps have been described above generally in terms 

of their functionality.  Whether such functionality is implemented as hardware or software 

depends upon the particular application and design constraints imposed on the overall system.  

Skilled persons can implement the described functionality in varying ways for each particular 

application, but such implementation decisions should not be interpreted as causing a departure 

from the scope of the invention.  In addition, the grouping of functions within a module, block or 
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step is for ease of description.  Specific functions or steps can be moved from one module or 

block without departing from the invention. 

[052] The various illustrative logical blocks and modules described in connection with the 

embodiments disclosed herein can be implemented or performed with a general purpose 

processor, a digital signal processor (DSP), an application specific integrated circuit (ASIC), a 

field programmable gate array (FPGA) or other programmable logic device, discrete gate or 

transistor logic, discrete hardware components, or any combination thereof designed to perform 

the functions described herein.  A general-purpose processor can be a microprocessor, but in the 

alternative, the processor can be any processor, controller, microcontroller, or state machine.  A 

processor can also be implemented as a combination of computing devices, for example, a 

combination of a DSP and a microprocessor, a plurality of microprocessors, one or more 

microprocessors in conjunction with a DSP core, or any other such configuration. 

[053] The steps of a method or algorithm described in connection with the embodiments 

disclosed herein can be embodied directly in hardware, in a software module executed by a 

processor, or in a combination of the two.  A software module can reside in RAM memory, flash 

memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a removable 

disk, a CD-ROM, or any other form of storage medium.  An exemplary storage medium can be 

coupled to the processor such that the processor can read information from, and write 

information to, the storage medium.  In the alternative, the storage medium can be integral to the 

processor.  The processor and the storage medium can reside in an ASIC. 

[054] Various embodiments may also be implemented primarily in hardware using, for 

example, components such as application specific integrated circuits (“ASICs”), or field 

programmable gate arrays (“FPGAs”).  Implementation of a hardware state machine capable of 

performing the functions described herein will also be apparent to those skilled in the relevant 

art.  Various embodiments may also be implemented using a combination of both hardware and 

software. 

[055] The above description of the disclosed embodiments is provided to enable any person 

skilled in the art to make or use the invention.  Various modifications to these embodiments will 

be readily apparent to those skilled in the art, and the generic principles described herein can be 

applied to other embodiments without departing from the spirit or scope of the invention.  Thus, 
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it is to be understood that the description and drawings presented herein represent a presently 

preferred embodiment of the invention and are therefore representative of the subject matter 

which is broadly contemplated by the present invention.  It is further understood that the scope of 

the present invention fully encompasses other embodiments that may become obvious to those 

skilled in the art and that the scope of the present invention is accordingly limited by nothing 

other than the appended claims. 



 16  

CLAIMS 

1. An indicator system for indicating regenerative (regen)-only deceleration of a vehicle 

having a regenerator, comprising: 

at least one regen-only deceleration indicator positioned on the rear of a vehicle in 

addition to conventional vehicle brake lights;  

a vehicle deceleration monitor configured to monitor deceleration of the vehicle and 

having a first output comprising a detected deceleration output signal; 

a vehicle braking module configured to detect application of the conventional vehicle 

friction brakes, the braking module having a second output; and   

an indicator control module having inputs connected to the first and second outputs and 

being configured to actuate the regen-only deceleration indicator when predetermined regen-only 

slowing conditions are detected, the predetermined conditions comprising at least a vehicle 

deceleration output signal which exceeds a predetermined maximum G-level of GMAX which is 

greater than a vehicle coasting G-level while the conventional vehicle friction brakes are not 

applied.  

2. The system of claim 1, further comprising a regeneration module having a third output, 

and being configured to provide a regen mode output signal on detection of at least driver 

initiation of the vehicle regeneration mode, the indicator control module having an additional 

input connected to the third output and the predetermined conditions for actuating the regen-only 

deceleration indicator further comprising detection of a regen mode output signal at the 

additional input, whereby the regen-only deceleration indicator is ON only when the vehicle is in 

a regen mode, the vehicle friction brakes are not applied, and the detected G-level is greater than 

GMAX. 

3. The system of claim 1, wherein the predetermined deceleration level GMAX  is in the 

range from 0.05 to 0.1G. 

4. The system of claim 3, wherein the predetermined deceleration level GMAX  is 0.07G. 
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5. The system of claim 1, further comprising an independent, hand-operated regen mode 

switch configured for connection to an existing vehicle electronic control unit to initiate the 

regeneration mode of the vehicle, whereby a driver can initiate regenerative braking independent 

from other vehicle systems. 

6. The system of claim 5, wherein the regen mode switch has an output connected to the 

indicator control module and the indicator control module is configured to actuate the regen-only 

deceleration indicator only if the vehicle is in the regeneration mode when the predetermined 

deceleration level GMAX  is exceeded and the conventional vehicle friction brakes are not applied.  

7. The system of claim 5, wherein the regen mode switch is mounted on a vehicle steering 

wheel. 

8. The system of claim 5, wherein the regen mode switch is mounted on a vehicle gear 

lever. 

9. The system of claim 1, wherein the indicator control module includes a timer module 

configured to turn off the regen-only deceleration indicator after a predetermined time period and 

to turn on the regen-only deceleration indicator again if the predetermined conditions are still 

detected, whereby the vehicle deceleration indicator pulses on and off repeatedly while the 

predetermined conditions are present, and remains off if deceleration falls below GMAX or the 

conventional vehicle brakes are applied. 

10. The system of claim 9, wherein the predetermined time period is no more than six 

seconds. 

11. The system of claim 1, wherein the regen-only deceleration indicator comprises an array 

of LED lights located adjacent a conventional third brake light of a vehicle. 

12. The system of claim 1, further comprising a braking indicator assembly configured for 

mounting at the rear of a vehicle, the indicator assembly comprising the regen-only deceleration 

indicator and a conventional third brake light mounted above the regen-only deceleration 
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indicator, whereby the third brake light is ON and the regen-only deceleration indicator is OFF 

when the conventional vehicle brakes are applied, and the third brake light is OFF and the regen-

only deceleration indicator is ON when the predetermined regen-only slowing conditions are 

detected. 

13. The system of claim 12, wherein the regen-only deceleration indicator comprises at least 

one indicator light having an illumination intensity equal to that of the third brake light. 

14. The system of claim 13, wherein the indicator light has a different color from the third 

brake light. 

15. The system of claim 12, wherein the regen-only deceleration indicator comprises an array 

of multiple lamp elements positioned beneath the third brake light. 

16. The system of claim 1, wherein the vehicle deceleration module comprises an 

accelerometer configured to sense deceleration levels up to at least 1G. 

17. The system of claim 16, wherein the accelerometer is a solid state device having at least 

.01G sensitivity. 

18. A driver-operated vehicle regenerative deceleration actuator system, comprising: 

an independent, driver-operated regen mode actuator switch configured for mounting in a 

vehicle at a location selected from the group consisting of the steering wheel, the gear lever, and 

the driver control panel, the switch having at least one output lead configured for connection to a 

vehicle electronic control unit (ECU) to initiate regenerative slowing of the vehicle; 

at least one regen-only deceleration indicator configured for mounting on the rear of a 

vehicle in addition to conventional vehicle brake lights;  and 

an indicator control module connected to the regen-mode actuator switch and configured 

to turn on the regen-only deceleration indicator on detection of predetermined regen-only 

conditions comprising at least detection of driver initiation of the regen mode using the regen-

mode actuator switch without application of conventional friction brakes. 
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19. The system of claim 18, further comprising a vehicle braking module configured to detect 

application of the conventional vehicle friction brakes, the braking module having an output 

connected to the indicator control module, and the indicator control module being configured to 

turn off the regen-only deceleration indicator on detection of application of the conventional 

friction brakes. 

20. The system of claim 18, further comprising a vehicle deceleration monitor configured to 

monitor deceleration of the vehicle and having an output comprising a detected deceleration G-

force connected to an input of the indicator control module, the predetermined conditions for 

turning on the regen-only deceleration indicator further comprising detection of a G-force greater 

than predetermined maximum G-level of GMAX which is greater than a vehicle coasting G-level 

corresponding to coasting of the vehicle. 

21. The system of claim 20, wherein the indicator control module is configured to turn off the 

regen-only deceleration indicator on detection of application of conventional friction brakes, 

turning off of the regen-mode actuator switch, or detection of a G-level less than GMAX. 

22. The system of claim 18, wherein the indicator control module includes a timer and is 

configured to cycle the regen-only deceleration indicator on and off at predetermined time 

intervals while the predetermined regen-only conditions are present.  

23. The system of claim 22, wherein the regen-only deceleration indicator is on for a 

predetermined time period no greater than six seconds. 

24. A method of indicating regen-only slowing of an electric or hybrid vehicle without 

application of the conventional brakes, comprising: 

monitoring deceleration of the vehicle when the vehicle is operating in a regeneration 

mode; 

determining whether the conventional brakes have been applied; and 

turning on a regen-only deceleration indicator separate from conventional vehicle brake 

lights if the vehicle is in a regeneration mode while the conventional brakes have not been 

applied and the detected deceleration exceeds a predetermined G level of GMAX  which is greater 
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than a vehicle coasting G-level, and turning off the deceleration indicator if the conventional 

brakes are subsequently applied while the G-level still exceeds GMAX.   

25. The method of claim 24, further comprising turning off the deceleration indicator after 

expiry of a predetermined time interval, continuing to monitor for deceleration greater than GMAX 

while the vehicle is operating in a regeneration mode, turning on the regen-only deceleration 

indicator again if GMAX is exceeded and the conventional brakes are not applied, and repeating 

the cycle of turning the regen-only deceleration indicator on and off repeatedly while the 

deceleration level is greater than GMAX and the conventional brakes are not applied. 

26. The method of claim 24,  further comprising positioning the regen-only deceleration 

indicator at the rear of the vehicle adjacent a conventional third brake light, turning the regen-

only deceleration indicator on when the third brake light is off and the deceleration level of GMAX 

is exceeded, and turning the regen-only indicator off when the third brake light is on. 

27. The method of claim 24, further comprising locating an independent, driver-operated 

regen mode actuator switch in the vehicle at a location selected from the group consisting of the 

steering wheel, the gear lever, and the driver control panel, connecting a first output lead of the 

regen mode actuator switch to a vehicle electronic control unit (ECU) in the vehicle, and 

initiating regenerative slowing of the vehicle via the ECU when the driver turns on the regen 

mode actuator switch. 

28. The method of claim 27, further comprising monitoring the output of the driver-operated 

regen mode actuator switch, and turning on the regen-only deceleration indicator when the regen 

mode actuator switch is activated by the driver and the detected G force is greater than the 

predetermined G level of GMAX without actuation of the conventional vehicle brakes.  

29. The system of claim 24, wherein the predetermined deceleration level GMAX is in the 

range from 0.05 to 0.1G. 

30. The system of claim 29 wherein the predetermined deceleration level GMAX is 0.07G. 
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ABSTRACT 

An indicator system for regenerative slowing of a hybrid or electric vehicle includes at 

least one regenerative-only deceleration indicator positioned on the rear of a vehicle in addition 

to the conventional vehicle brake lights, a vehicle deceleration monitor configured to monitor 

deceleration of the vehicle and produce a control output signal if deceleration exceeds a 

predetermined level, a vehicle braking module configured to detect application of the 

conventional vehicle brakes, and  an indicator control module configured to actuate the regen-

only deceleration indicator when a vehicle deceleration output signal exceeding the 

predetermined level is received and the conventional vehicle brakes are not applied.  An 

independent driver-operated regen mode switch may provide for driver-initiated regen slowing 

independent of the conventional vehicle brakes or gears, with the regen-only deceleration 

indicator being on when regen mode is initiated by the driver without application of the friction 

brakes, and the predetermined deceleration level is exceeded. 
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