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(57) ABSTRACT 

Abrake by wire system provides the capability of both travel 
and force Sensors on a brake apply input member Such as a 
brake pedal and also provides redundancy in Sensors by 
providing the Signal from a Sensor responsive to travel or 
position of the brake pedal to a first controller and the Signal 
from a Sensor responsive to force applied to the brake pedal 
to a Second controller. The first and Second controllers are 

connected by a bi-directional communication link whereby 
each controller may communicate its received one of the 
Sensor Signals to the other controller. In at least one of the 
controllers, linearized versions of the Signals are combined 
for the generation of first and Second brake apply command 
Signals for communication to brake apply units. If either 
controller does not receive one of the Sensor Signals from the 
other, it nevertheless generates its brake apply command 
Signal on the basis of the Sensor Signal provided directly to 
it from the Sensor. In a preferred embodiment of the System, 
a controller combines the linearized Signals by choosing the 
largest in magnitude. 
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BRAKE BY WIRE SYSTEM WITH SEPARATE 
CONTROLLERS AND BOTH POSITION AND 

FORCE INPUT SENSORS 

RELATED PATENT APPLICATIONS 

0001. This application references Provisional U.S. Patent 
Application No. 60/184,586, filed Feb. 24, 2000 and entitled 
Dry Interface Corner Brake by Wire System Architecture. 

TECHNICAL FIELD 

0002 The technical field of this invention is vehicle 
brake by wire Systems. 

BACKGROUND OF THE INVENTION 

0003) A brake by wire system separates the input and 
control apparatus of the braking System from the actuators 
by one or more electrical communication lines. Thus there is 
no direct transmission of force from the vehicle operator to 
the brake actuators. Such Systems are therefore designed 
with care to provide built in dependability of the compo 
nents, and one method of providing Such dependability is 
redundancy. But redundancy also increases cost, and it is 
thus desirable to achieve the redundancy while minimizing 
this extra cost. 

0004. An important element of any braking system, 
including one according to this invention, is that providing 
driver input for brake apply, typically the brake pedal. In a 
hydraulic brake System, this may be a typical mechanical 
device against which a driver may push a force to apply the 
brakes through the hydraulic System, with possible power 
assist. But in a brake by wire System, the brake pedal must 
be provided with a Sensor to detect Some aspect of pedal 
movement and generate an electric Signal for the controller 
that indicates driver intent. Typical Sensors used for this task 
are travel or position Sensors and applied force Sensors. Each 
has its own characteristics that may enhance a brake by Wire 
System. 

SUMMARY OF THE INVENTION 

0005 The braking system of this invention provides the 
capability of both travel and force Sensors on a brake apply 
input member Such as a brake pedal and also provides 
redundancy in Sensors by providing the Signal from a Sensor 
responsive to travel or position of the brake apply input 
member to a first controller and the Signal from a Sensor 
responsive to force applied to a brake apply input member 
to a Second controller. The first and Second controllers are 
connected by a bi-directional communication link whereby 
each controller may communicate its received one of the 
Sensor Signals to the other controller. In at least one of the 
controllers, linearized versions of the Signals are combined 
for the generation of first and Second brake apply command 
Signals for communication to brake apply units. If either 
controller does not receive one of the Sensor Signals from the 
other, it nevertheless generates its brake apply command 
Signal on the basis of the Sensor Signal provided directly to 
it. In a preferred embodiment of the System, a controller 
combines the linearized signals by choosing the largest in 
magnitude. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram of a brake by wire 
System for a motor vehicle according to the invention. 
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0007 FIG. 2 is a flow chart illustrating an aspect of the 
operation of the system of FIG. 1 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0008 Referring to FIG. 1, a brake-by-wire system com 
prises an electronic brake controller 10 that controls at least 
one vehicle wheel brake unit in response to an input Signal 
from an operator input device Such as a brake pedal 6. 
Preferably, it controls brake units on two wheels of a four 
wheel vehicle; and in this embodiment the brake control is 
diagonal, with controller 10 controlling left front brake 20 
and right rear brake 22. A Second electronic brake controller 
12 controls at least one other vehicle wheel brake units and 
preferably the brake units on the other two brakes of the four 
wheel vehicle: in this embodiment right front brake 24 and 
left rear brake 26. The system is provided with electric 
power from at least one or more electric power Sources, in 
this embodiment electric power sources 14, 4, and 8, which 
may comprise at least one electric generator Such as an 
engine driven alternator or a fuel cell and at least one electric 
power Storage device Such as a battery. Either of controllers 
10 and 12 may be powered from any of power sources 14, 
4 or 8 or any combination thereof. A suitable electric power 
architecture is shown in PTC application docket number 
DP-301218, filed in the U.S. Patent and Trademark Office on 
the same day as this application and entitled Brake by Wire 
Electrical System Architecture with Multiple Power Sources 
and Circuit Protection. But the number or arrangement of 
Such electric power Sources, and the manner in which the 
power is provided are not critical to this invention; and any 
Suitable power Scheme may be used. 
0009. The brake system is provided operator input from 
brake pedal 6 by means of at least two Sensors responsive to 
operator brake activation parameters input through brake 
pedal 6, and each of these Sensors provides its output signal 
to a different one of controllers 10 and 12. In this embodi 
ment, controller 10 is provided with a brake activation signal 
from a brake apply input (pedal) travel or position Sensor 62, 
and control module 12 is provided with a brake activation 
Signal from a brake apply input (pedal) force Sensor 64. 
0010 Each of controllers 10 and 12 preferably contains a 
digital computer that runs a Stored computer program out 
putting a brake command Signal to its respective controlled 
brakes. Controllers 10 and 12 are connected by a commu 
nication link 66, preferably a digital communication link, 
and the modules exchange information between themselves 
for the coordination of the command Signals produces. 
Typically, although not exclusively, one of controllers 10 
and 12 would be designated a lead controller and the other 
designated a Supplemental controller. In Such an arrange 
ment, assuming controller 10 is the lead controller, the core 
brake control routine would be located in controller 10 and 
would receive the signal from sensor 62 directly and from 
Sensor 64 Over the communication link 66 in computing 
basic brake unit commands for all brake units 20-26, with 
the basic brake unit commands for brake units 24 and 26 
communicated to controller 12. Each controller would then 
adapt the basic brake unit commands for the intended brake 
units as required and output the adapted commands to the 
respective brake units. 
0011. The signals from sensors 62 and 64, which provide 
Somewhat different, though related, information concerning 
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driver brake apply input, would be combined in Some 
manner that could be as Simple as choosing one or the other 
or mathematically combining the values according to Some 
more complex algorithm utilizing the unique qualities of the 
travel and force Sensor Signals. But, in the case of failure of 
one of the sensors 62 or 64, failure of the communication 
link 66 or failure of one of the controllers 10 and 12, the 
other controller would use the available one of the Signals 
from sensors 62 and 64 to provide brake unit operation 
according to either brake pedal travel or brake pedal applied 
force to perform vehicle Stopping functions. If one of 
controllers 10 and 12 or the communication link has failed, 
the brake operation would need to be performed with only 
the two brake units controlled by the still functioning brake 
controller. If one of the sensors 62 and 64 is the only failure, 
then all brakes could be controlled on the basis of the 
working one of sensors 62 and 64, and the software could be 
pre-programmed to adapt the braking control algorithm to 
the nature of the Sensor Signal: travel or force. An alternative 
approach to the control architecture is to provide each of 
controllers 10 and 12 with full brake control systems with 
coordination but with the capability of either controller 
operating the entire brake System with whatever Signals are 
available. 

0012 FIG. 2 is a flow chart showing a simple example of 
a Subroutine for combining the Signals from travel Sensor 62 
and force Sensor 64. Beginning at Step 80, the two signals, 
compensated in a predetermined manner for comparison of 
unlike quantities, are compared in magnitude. The compen 
sation preferably takes the form of linearizing the outputs of 
each Sensor over its full range in brake System operation. 
Thus, a look-up table may be provided for each sensor with 
calibrated linearized values derivable from the sensor data 
input. The larger of the two determines whether the force 
Sensor Signal from Sensor 64 is chosen at Step 82 or the travel 
Sensor Signal from Sensor 62 is chosen at Step 84. This 
Simple example has the benefit that it will automatically 
adjust for the absence of one of the Signals, Since the absent 
signal will be zero and the other will be chosen. 

1. A vehicle braking System comprising, in combination: 
a first brake actuator responsive to a first brake command 

Signal to generate a first controlled braking force; 
a Second brake actuator responsive to a Second brake 
command Signal to generate a Second controlled brak 
ing force; 

a brake apply input member; 
a first Sensor responsive to position of the brake apply 

input member to generate a brake apply input position 
Signal; 
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a Second Sensor responsive to force exerted on the brake 
apply input member to generate a brake apply input 
force Signal; 

a first controller connected to receive the brake apply 
input position signal from the first Sensor and generate 
the first brake command Signal; 

a Second controller connected to receive the brake apply 
input force Signal from the Second Sensor and generate 
the Second brake command Signal; 

a bi-directional data communication link connected 
between the first and Second controllers for Sharing data 
based on the brake apply input position signal and the 
brake apply input force Signal; 

means in the first controller for generating the first brake 
command Signal in response to the brake apply input 
position signal and the brake apply input force Signal 
when the latte Signal is provided by the Second con 
troller over the bi-directional communication link and 
alternatively in response to only the brake apply input 
position signal when the brake apply input force Signal 
is not So provided; and 

means in the Second controller for generating the Second 
brake command Signal in response to the brake apply 
input position signal and the brake apply input force 
Signal when the brake apply input position Signal is 
provided from the first controller over the bi-directional 
communication link and alternatively in response to 
only the brake apply input force signal when the brake 
apply input force Signal is not So provided. 

2. The vehicle braking system of claim 1 in which the 
means in the first controller generates the first brake com 
mand Signal in response to a chosen one of the Signals from 
the first Sensor and the Second Sensor, the choice being made 
on the basis of a comparison of linearized magnitudes of the 
Signals from the first and Second Sensors. 

3. The vehicle braking system of claim 2 in which the 
greater of the linearized magnitudes of the Signals from the 
first and Second Sensors is chosen. 

4. The vehicle braking system of claim 1 in which the 
means in the Second controller generates the Second brake 
command Signal in response to a chosen one of the Signals 
from the first Sensor and the Second Sensor, the choice being 
made on the basis of a comparison of linearized magnitudes 
of the Signals from the first and Second Sensors. 

5. The vehicle braking system of claim 4 in which the 
greater of the linearized magnitudes of the Signals from the 
first and Second Sensors is chosen. 


