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(57) ABSTRACT 

A collision avoidance system for a vehicle. The collision 
avoidance system includes one or more transmitting devices, 
one or more receiving devices, a control module and a 
mirror. The receiving devices receive return signals and send 
information regarding the return signals to the control mod 
ule. The control module detects a hazard based on the 
information received from one or more receiving devices. 
The mirror includes visual indicators for Warning a driver of 
the hazard detected by the control module. 
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SYSTEM AND METHOD FOR WARNING OF 
POTENTIAL COLLISIONS 

RELATED APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/621,748, ?led Jul. 21, 2000, Which 
claimed priority under 35 U.S.C. 119(e) of US. Provisional 
Application Ser. No. 60/145,156, ?led Jul. 22, 1999, Which 
applications are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to sensor 
based systems, and more particularly to a vehicle-mounted 
collision avoidance system Which Warns drivers of potential 
collisions. 

[0004] 2. Background Information 

[0005] The roads are becoming more and more congested 
With vehicular traf?c. As traf?c congestion has increased, the 
number of accidents has also increased. Some of these 
accidents can be traced to driver inattentiveness or to the 
failure of the driver or of other drivers to see and react to 
surrounding vehicles. 

[0006] Muth Mirror Systems of Sheboygan, Wis. manu 
factures a side vieW mirror With a built-in turn signal display 
(a “chevron”). The side vieW mirror can be mounted on both 
the passenger and driver sides of the vehicle and includes 
light emitting diodes (LEDs) Which blink in time to the turn 
signal. The chevron is designed to be clearly visible to 
drivers in the lane adjacent to the host vehicle. 

[0007] Such a display is good for Warning drivers of 
adjacent vehicles. It does little, hoWever, to Warn the driver 
of the host vehicle of potential collisions. 

[0008] Systems for Warning drivers of objects external to 
their vehicle have been around for a long time. Mirrors, and 
sometimes combinations of mirrors, are being used to reveal 
locations hidden to the driver’s vieW (i.e. “blind spots”). 
Mirrors, hoWever, have a de?ciency in that the driver can 
only look in one spot at any one time, and no one mirror can 
provide a complete vieW of all the possible blind spots. If 
they look in one mirror, see that the Way is clear, start 
looking elseWhere and then a vehicle pulls into the area they 
thought Was clear, they Won’t see it and may run into the 
vehicle. For eXample, if the driver looks at the lane adjacent 
to the vehicle, sees that the Way is clear, starts looking 
elseWhere and then a vehicle pulls along side, the driver 
Won’t see it and may clip the vehicle While changing lanes. 

[0009] In addition, mirrors don’t Work Well in changing 
lanes, particularly in tractor-trailer rigs. One reason is that a 
side vieW mirror only looks in the lane adjacent to the 
vehicle and to the rear of the side vieW mirror. Vehicles 
forWard of the side vieW mirror or more than one lane aWay 
from the vehicle may be missed. In addition, as soon as the 
rig begins to turn, the mirror that looked doWn along the side 
of the vehicle is directed into the side of the trailer and the 
driver is blinded to activity on that side of his truck. 

[0010] Sensor-based Warning systems have also been pro 
posed. For instance, Sonar Safety Systems of Santa Fe 
Springs, Calif. has a rear-mounted sensor system based on a 
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single sensor Which detects objects in three distance Zones 
from the rear of the vehicle. The system provides alarms and 
audible feedback that inform the driver Whether the obstacle 
is close (Zone III), out a little farther (Zone II), or even 
farther out yet (Zone I). 

[0011] What is needed is a system and method for auto 
matically Warning the driver of potential collisions at the 
front, to the sides and behind a vehicle. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the present invention, a 
collision avoidance system for a vehicle includes one or 
more transmitting devices, one or more receiving devices, a 
control module and a mirror. The receiving devices receive 
return signals and send information regarding the return 
signals to the control module. The control module detects a 
haZard based on the information received from the one or 
more receiving devices. The mirror includes visual indica 
tors for Warning a driver of the haZard detected by the 
control module. 

[0013] According to another aspect of the present inven 
tion, a method of alerting a driver of potential haZards is 
described. A potential collision event is detected and a 
symbol is displayed Within a mirror indicating that the 
potential collision event has been detected. 

[0014] According to yet another aspect of the present 
invention, a collision avoidance system includes a plurality 
of transmitting devices, a plurality of receiving devices, a 
control module connected to the plurality of transmitting 
devices and the plurality of receiving devices and a side 
vieW mirror. The plurality of transmitting devices include a 
?rst and a second transmitting device, Wherein the ?rst and 
second transmitting devices transmit a ?rst signal and a 
second signal, respectively. The plurality of receiving 
devices include a ?rst and a second receiving device, 
Wherein the ?rst receiving device receives a return repre 
sentative of the signal transmitted from the ?rst transmitting 
device and transmits a ?rst return signal representative of the 
?rst return and Wherein the second receiving device receives 
a return of the signal transmitted from the second transmit 
ting device and a second return signal representative of the 
return. The control module receives the ?rst and second 
return signals and detects potential haZards as a function of 
the ?rst and second control signals. The side vieW mirror 
includes visual indicators for Warning a driver of potential 
haZards detected by the control module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 shoWs a collision avoidance system; 

[0016] FIG. 2 shoWs a more complex embodiment of the 
collision avoidance system shoWn in FIG. 1; 

[0017] FIG. 3 is a system block diagram of a collision 
avoidance system according to FIG. 2; 

[0018] FIGS. 4a and 4b shoW side vieW mirror displays 
Which can be used With the control modules of FIGS. 1 and 
3; 
[0019] FIGS. 5a-c shoW the operation of tWo rear 
mounted sensors according to the present invention; 

[0020] FIGS. 6a-c shoW one embodiment of an operator 
interface units Which can be used With the control modules 
of FIGS. 1 and 3; 
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[0021] FIG. 7 illustrates a backup warning system; 

[0022] FIGS. 8 and 9 show wireless portable transducer 
systems; 

[0023] FIG. 10 illustrates a side display module; 

[0024] FIG. 11 illustrates an alternate embodiment of a 
collision avoidance system; 

[0025] FIG. 12 illustrates a mirror-mounted display; and 

[0026] FIGS. 13 and 14 illustrate a side-mounted display. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] In the following detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
drawings which form a part hereof, and in which is shown 
by way of illustration speci?c embodiments in which the 
invention may be practiced. It is to be understood that other 
embodiments may be utiliZed and structural changes may be 
made without departing from the scope of the present 
invention. 

[0028] Some portions of the detailed descriptions which 
follow are presented in terms of algorithms and symbolic 
representations of operations on data bits within a computer 
memory. These algorithmic descriptions and representations 
are the ways used by those skilled in the data processing arts 
to most effectively convey the substance of their work to 
others skilled in the art. An algorithm is here, and generally, 
conceived to be a self-consistent sequence of steps leading 
to a desired result. The steps are those requiring physical 
manipulations of physical quantities. Usually, though not 
necessarily, these quantities take the form of electrical or 
magnetic signals capable of being stored, transferred, com 
bined, compared, and otherwise manipulated. It has proven 
convenient at times, principally for reasons of common 
usage, to refer to these signals as bits, values, elements, 
symbols, characters, terms, numbers, or the like. It should be 
borne in mind, however, that all of these and similar terms 
are to be associated with the appropriate physical quantities 
and are merely convenient labels applied to these quantities. 
Unless speci?cally stated otherwise as apparent from the 
following discussions, terms such as “processing” or “com 
puting” or “calculating” or “determining” or “displaying” or 
the like, refer to the action and processes of a computer 
system, or similar computing device, that manipulates and 
transforms data represented as physical (e.g., electronic) 
quantities within the computer system’s registers and memo 
ries into other data similarly represented as physical quan 
tities within the computer system memories or registers or 
other such information storage, transmission or display 
devices. 

[0029] FIG. 1 shows a collision avoidance system 10 
according to the present invention. System 10 includes a 
control module 12 and two sensors 14. Each sensor 14 
includes a transmitter 16 and a receiver 18. In one embodi 
ment, transmitter 16 and receiver 18 are mounted together in 
a single sensor housing. In another embodiment, transmitter 
16 and receiver 18 are mounted in separate housings. 

[0030] In one embodiment, sensors 14 include separate 
acoustic transducers for each of transmitter 16 and receiver 
18. In another embodiment, a single acoustic transducer is 
used for both transmitting a signal and receiving its echo. 
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Some transducers which would operate in such a system 10 
are the 9000 Series PieZo Transducers available from 
Polaroid OEM Components Group and the KSN 6530 45 
KHZ transducer available from Motorola. In addition, the 
KSN 6529 45 KHZ transducer available from Motorola 
could be used for receiver 18. 

[0031] In another embodiment, sensors 14 are micropower 
impulse radar (MIR) devices. In one embodiment, MIR 
devices such as those described in the white paper entitled 
“Microwave Impulse Radar (MIR) Technology Overview”, 
available from Lawrence Livermore National Laboratory, 
are used. The advantage of such devices are that they are low 
power and fairly inexpensive. In addition, a single device 
can be used as both transmitter 16 and receiver 18. 

[0032] In yet another embodiment, sensors 14 are micro 
wave or millimeter wave transceiver devices. In one such 

embodiment, each transceiver includes a small integrated 
antenna and electronic interface board. In another embodi 
ment, sensors 14 include both proximity detectors 14.1 and 
longer range detectors 14.2. The longer range detectors 
incorporate a larger antenna to operate as a Doppler Radar 
Forward Looking Detector. An example of one such trans 
ducer is the model DRO3000 Microwave Transceiver Mod 
ule available from Advanced Frequency Products of 
Andover, Mass. 

[0033] In one embodiment, such as is shown in FIG. 2, a 
collision avoidance system 30 includes up to seventeen 
sensors 14 mounted around the periphery of a vehicle. 

[0034] A variety of collision avoidance systems are 
described in “System and Method of Avoiding Collisions,” 
US. patent application Ser. No. 09/130,279, ?led Aug. 6, 
1998 and assigned to the assignee of the present invention, 
the descriptions of which are hereby incorporated by refer 
ence. 

[0035] In one embodiment, sensors 14 of system 30 are 
grouped in detector subsystems. The output from each 
detector subsystem is fed into control module 12, as is 
shown in FIG. 3. As shown in FIG. 3, system 30 includes 
a control module 12, an operator interface 32, a proximity 
detector subsystem 34 and a rear guard subsystem 36. Each 
subsystem includes one or more sensors 14. System 30 may 
also include a forward-looking detector subsystem 33 (with 
two or more sensors). 

[0036] In one embodiment, each sensor 14 is a stand alone 
smart sensor as is described in “System and Method of 
Providing Scalable Sensor Systems Based on Stand Alone 
Sensor Modules,” US. patent application Ser. No. 09/505, 
418, ?led Feb. 16, 2000 and assigned to the present assignee. 
The description of the sensors and of systems of such 
sensors is incorporated herein by reference. 

[0037] In one embodiment, proximity detector subsystem 
34 includes up to 15 sensors and rear-guard subsystem 36 
includes up to 7 sensors. The output of each sensor in each 
detection subsystem is fed into control module 12, as shown 
in FIG. 3. 

[0038] In one embodiment, system 30 includes side dis 
plays 35, side warning lights 37 and rear warning lights 39. 
In one embodiment, control module 12 includes a vehicle 
inputs module 38 for receiving signals from other vehicle 
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sensors. In addition, control module 12 may communicate 
With an on-board computer 31. 

[0039] In one embodiment, side displays 35 and side 
Warning lights 37 are integrated into the side vieW mirror of 
the vehicle. One such embodiment is shoWn in FIG. 4a, 
Where a left side vieW mirror 40 includes a chevron 42, a 
slash 44 and a backup indicator 46. A similar embodiment is 
shoWn in FIG. 4b, Where right side vieW mirror 41 includes 
a chevron 42, a slash 44 and a backup indicator 46. A 
numeric range indicator, such as indicator 35 shoWn in FIG. 
10 could also be included. 

[0040] Chevron 42 is a arroW-shaped set of LEDs Which 
?ash in time to the turn signal. The arroW-shaped chevron is 
visible by drivers of vehicles in the adjacent lane as a 
Warning to them that the host vehicle is about to turn or 
change lanes. In another embodiment, a ?ashing amber light 
or other such visual Warning can be directed at vehicles in 
adjacent lanes. 

[0041] Slash 44 is a diagonal line of LEDs Which ?ash to 
indicate that there is a potential haZard in the adjacent lane 
Which Would make a lane change or turn unWise. For 
eXample, if the left turn signal is activated indicating the 
driver’s intent to change lanes to the left, or to make a left 
turn, slash 44 Will ?ash in side vieW mirror 40 if an object 
is detected Within a speci?ed range of the left side of the 
vehicle. The same is true for the right side mirror if the right 
turn signal is active and an object is detected on the right 
hand side of the vehicle. 

[0042] In one embodiment, slash 44 is a diagonal series of 
LEDs that cross mirrors 40 and 41 betWeen tWo opposite 
corners. A more reduced line of LEDs could also be used. 

[0043] In one embodiment, slash 44 is a steady-state 
indicator Which remains on as long as the turn signal is on 
and the potential haZard is detected. In another embodiment, 
slash 44 pulses on and off at a rate of 4 HZ to catch the 
driver’s attention. Other ?ashing sequences could also be 
used. 

[0044] Backup indicator 46 is a series of LED symbols 
used to help the driver avoid objects While backing up the 
vehicle. In one embodiment, the LEDs are arranged in a 
horiZontal roW along the top or bottom of each side vieW 
mirror. In one embodiment, backup indicator 46 is incorpo 
rated in only one of the side vieW mirrors 40 or 41. 

[0045] In one embodiment, triangle 48 is displayed When 
the transmission is in reverse and an object is detected Within 
a prede?ned distance (e.g., 25 feet) of the rear of the vehicle. 
In one such embodiment, triangle 48 is a cluster of three 
LEDs such as is shoWn in FIGS. 4a and 4b. 

[0046] In one embodiment both triangle 48 and the 
remaining four LEDs are displayed When the transmission is 
in reverse and an object is detected Within a prede?ned 
distance (e.g., 25 feet) of the rear of the vehicle. In one such 
embodiment, the four LEDs are turned off one at a time 
moving closer to triangle 48 as the vehicle moves closer to 
the object behind the truck. When the vehicle is at close 
range to the object behind the truck, the four LEDs and the 
triangle ?ash (e.g., at 4 HZ) to alert the driver to stop the 
vehicle. 

[0047] In one embodiment, the remaining four LEDs turn 
on one at a time moving closer to the triangle as the vehicle 
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moves closer to the object behind the truck. When the truck 
is Within a second prede?ned distance (e.g., three feet) of the 
object, all four LEDs ?ash (e.g., at 4 HZ) to alert the driver 
to stop the vehicle. The LEDs remain ?ashing until the 
transmission is shifted out of reverse. 

[0048] In another embodiment, the LED furthest from 
triangle 48 (LED 4) lights When the distance is less than 25 
feet but greater than 12 feet. The neXt LED (LED 3) lights 
When the distance is less than 25 feet but greater than 8 feet. 
The neXt LED (LED 2) lights When the distance is less than 
25 feet but greater than 5 feet and the ?nal LED (LED 1) 
lights When the distance is less than 25 feet but greater than 
3 feet. As in above, When the truck is Within 3 feet of the 
object, all four LEDs ?ash to alert the driver to stop the 
vehicle, and remain ?ashing until the transmission is shifted 
out of reverse. 

[0049] An alternative to the sequencing of LEDs 46 
described above is to incorporate a numeric range indicator 
35 such as is shoWn in FIG. 10. 

[0050] Such an approach integrates a lot of information 
into the side vieW mirrors. Since the side vieW mirrors have 
to be vieWed as part of a turn, lane change or When backing 
the vehicle, such an approach provides a lot of information 
With minimal impact on the driver. 

[0051] Other symbols can also be used. For eXample, slash 
44 can be replaced With a different symbol. Also, the triangle 
and series of LEDs of backup indicator 46 can be replaced 
With another form of distance-related information. 

[0052] In one embodiment, separate nine Wire cables run 
from control module 12 to each of side mirrors 40 and 41. 
Each Wire is at least 18-gauge stranded Wire. The cables are 
connected to control module 12 With nine pin D subminia 
ture connectors. 

[0053] In another embodiment, a tWo-Wire data commu 
nication cable is run from a stand-alone smart sensor to a 

display processor in the manner described in “System and 
Method of Providing Scalable Sensor Systems Based on 
Stand Alone Sensor Modules,” described above, the descrip 
tion of Which is incorporated herein by reference. The 
haZard information is sent from the stand-alone smart sensor 
over the data communications cable to the display processor 
Which, in turn, drives the visual indicators in side vieW 
mirrors 40 and 41. 

[0054] In one embodiment, a digital I/O board Within 
control module 12 drives LEDs Within each of side mirrors 
40 and 41. A control register Within the digital I/O board 
contains eight left side mirror bits and eight right side mirror 
bits. In one embodiment, each bit is associated With a 
particular function. For instance, in one embodiment, each 
set of bits includes one bit for each of the individual LEDs 
1-4 on its respective side mirror, a bit for triangle 48 and a 
bit for slash 44. In addition, a bit can be used to place side 
mirror 40 in a ?ash mode Which overrides the individual bits 
to place LEDs 1-4 and triangle 48 in a ?ashing status during 
Which LEDs 1-4 and triangle 48 ?ash at a predetermined 
frequency (e.g., 4 HZ). 

[0055] In another embodiment, control circuitry is placed 
in proximity to mirrors 40 and 41 and control module 12 
Writes commands to the control circuitry to cause the 
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appropriate signals to light or ?ash. Such an approach 
reduces the amount of Wiring needed to put system 30 in 
place. 

[0056] In one embodiment, a single bit is used to turn on 
triangles 48 in mirrors 40 and 41. This re?ects the fact that 
triangles 48 Will typically be active at the same time. 
Similarly, LEDs 1-4 for both the left and right side could be 
driven by the same bits and driver electronics. 

[0057] In one embodiment, control module 12 includes 
program code for initiating a self test. During self test, all 
LEDs in side mirrors 40 and 41 are lit for a predetermined 
period (e.g., ?ve seconds) so that the driver can verify that 
all lights are operational. Self test is entered automatically 
during the system initialiZation process, or can be initiated 
by the driver. 

[0058] In another embodiment, the LEDs ?ash on and off 
for a predetermined period of time during self test. 

[0059] Collision Avoidance 

[0060] Collision avoidance systems typically have put 
transducers on the rear of the vehicle and measure the 
distance from the sensor to the object. This is not optimal 
since those sensors are transmitting in an arc. They are 
looking at the distance from the sensor to the object and back 
again. That may not, hoWever, be the perpendicular distance 
from the vehicle to the object. A de?ciency, therefore, of 
such systems is that they do not communicate to the driver 
the transverse location of this object. 

[0061] In one embodiment of the system shoWn in FIGS. 
1 and 2, a plurality of sensors 14 are mounted on the back 
of the vehicle. Control module 12 takes the readings from 
the rear-mounted sensors 14, determines Whether it can 
triangulate and calculates an actual perpendicular distance 
from the truck to the object. This is important because the 
truck driver really Wants to knoW, not that the object is off 
at this angle over here ?ve feet aWay, is hoW far he can back 
up before he hits the object. In contrast to other approaches, 
this triangulation procedure makes systems 10 and 30 pre 
cision distance measuring systems. 

[0062] FIG. 5a represents the top vieW of a tractor trailer 
rig 50 With a post 52 located behind the trailer 54. The post 
50 represents a haZard unless the driver knoWs the precise 
distance from the vehicle. Sensor 14 on the right rear of the 
trailer senses the post 52 at a distance of siX (6) feet. Sensor 
14 on the left rear of the trailer senses the post at a distance 
of just over siX and one half (6.5) feet. Control System 12 
calculates that the actual distance to the post as 5.2 feet and 
determines it is located just to the right of the center of the 
trailer. The distance is then displayed digitally on the control 
module 12. The transverse location is displayed, for 
instance, on the bar graph located just to the right of the 
digital display and it indicates the location of the post. 

[0063] Perpendicular distance betWeen the rear of a 
vehicle and eXternal objects is increasingly important the 
closer the vehicle gets to an external object. In the same 
eXample as above, When sensor 14 on the right rear of the 
trailer senses the post at a distance of four (4) feet and the 
sensor 14 on the left rear senses the post at a distance of 4.8 
feet, the actual perpendicular distance is 2.6 feet. The 
Precision Measurement System described in US. patent 
application Ser. No. 09/130,279, the description of Which is 
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hereby incorporated by reference, correctly uses the sensor 
14 distance readings as Well as the knoWn distance betWeen 
the left and right sensors 14 to calculate the eXact perpen 
dicular distance to the post. This is very important as an aid 
to the driver in the prevention of an accident. 

[0064] In one embodiment, a third sensor 14 is mounted 
betWeen the right and left sensors 14. With the aid of third 
sensor 14, the system can determine that the object is a point 
source (such as a post) as opposed to a Wall or large vehicle. 
The sensor 14 on the right rear of the trailer senses the post 
at a distance of siX (6) feet. The sensor 14 on the left rear of 
the trailer senses the post at a distance of just over siX and 
one half (6.6) feet. Control module 12, knoWing that the 
object is a point source, calculates that the actual distance to 
the post is 5.2 feet and is located just to the right of the center 
of the trailer. The distance is displayed digitally on the 
Operator Interface and Side Display Modules. The trans 
verse location is displayed in graphic form (eg bar graph) 
on the Operator Interface. One such embodiment is 
described in US. patent application Ser. No. 09/130,279, the 
description of Which is hereby incorporated by reference. 

[0065] FIG. 5b represents the top vieW of a tractor trailer 
With a post located far behind the trailer. The post represents 
a haZard unless the driver has suf?cient information to aid in 
maneuvering around the obstacle. The sensor 14 on the right 
rear of the trailer senses the post at a distance of 21.0 feet. 
The sensor 14 on the left rear of the trailer senses the post 
at a distance of 22.1 feet. The control module 12 calculates 
that the actual distance to the post is 21.0 feet, and that it is 
located near the right side of the trailer. The distance is 
displayed digitally on the operator interface. The transverse 
location is displayed on the bar graph located just to the right 
of the digital display and it indicates the location. Precision 
distance measurement is less of a concern When obstacles 
are a long distance from the rear of the vehicle. HoWever, 
productivity is a concern. With the aid of the transverse 
location information and the ability of the control module 12 
to detect objects up to 25 feet behind the vehicle, the driver 
of the tractor trailer shoWn in FIG. 5b can readily maneuver 
the vehicle to avoid the obstacle Without having to stop, 
drive forWard, and then proceed in backing the vehicle. 

[0066] In order to triangulate, the distance betWeen sen 
sors 14 must be knoWn. Therefore, the distance betWeen 
sensors 14 must be controlled. In one embodiment, the 
distance betWeen sensors 14 is a system parameter that can 
be programmed. In one such programmable embodiment, a 
programming device is provided to a dealer or a ?eet oWner 
such that once sensors 14 are installed, they can measure the 
actual distance betWeen the sensors and the distance from 
the sensors to the sides of the vehicle and program that into 
control module 12. Control module 12 can then accurately 
calculate distance. 

[0067] For eXample, if a collision avoidance system 10 or 
20 provides a measurement, is that object directly behind the 
vehicle, or is it off to the left or right? Is it actually far 
enough off to the left or far enough off to the right that he 
Won’t hit it but needs to be aWare of it? To provide more 
accurate information, in one embodiment, control module 12 
calculates transverse location and communicates that infor 
mation via a graphical indicator. Such an approach is shoWn 
in FIGS. 6a-6c and is described in US. patent application 
Ser. No. 09/130,279 ?led Aug. 6, 1998, the description of 
Which is hereby incorporated by reference. 
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[0068] Another issue is the vertical position of the rear 
mounted transducers, relative to the ground, and relative to 
the impact point With a loading dock, is an important issue. 
For example, loading docks have an impact plank that 
protrudes out from the Wall. If sensors 14 are mounted too 
loW, you may actually look underneath the impact plank. If 
so, the truck could hit the plank under poWer With the driver 
thinking he or she had another 4-6 inches to go. In one 
embodiment, system 10 includes vertical compensation as 
discussed beloW. 

[0069] In one embodiment, vertical compensation is acti 
vated automatically via a front panel sWitch mounted in a 
front panel module 60 such as is shoWn in FIGS. 6a-6c. The 
purpose of this feature is to compensate for the protrusion of 
loading dock impact pads in cases Where sensors 14 are 
located beloW the point of impact of the trailer With the 
loading dock impact pad. 

[0070] FIG. 5c represents the side vieW of a tractor-trailer 
pulling up to a loading dock. The impact pad is the point of 
contact With the trailer. The depth (i.e., front-to-back) of the 
impact pad is typically 4.5 inches. The top of the impact pad 
is typically 48 inches above the ground. In one embodiment, 
When the sensors 14 are located beloW the point of impact 
of the trailer With the impact pad, the systems 10 and 30 
adjust the distance measurement by 4.5 inches if the Trans 
ducer Assembly is mounted so loW that it cannot detect the 
impact pad When the trailer is Within 12 inches of the impact 
pad. For eXample, if the perpendicular distance from the rear 
of the trailer to the loading dock is 1 foot and the Transducer 
is 2 feet beloW the impact bar, the measured distance of 1.0 
feet Will be corrected to 0.6 feet. 

[0071] In one embodiment of systems 10 and 30, a backup 
Warning system is provided as shoWn in FIG. 7. In one such 
embodiment, sensors 14 include transducers placed on the 
rear of the vehicle. Those transducers are activated When the 
driver shifts his transmission into reverse. As soon as the 
driver shifts into reverse, the transducers on the back begin 
to send out sound energy from the transducers, Which 
bounces off an object, comes back to a receive transducer. 
Distance is then calculated as a function of time of return 
(e.g., acoustic applications) or intensity of the return signal 
(e.g., radar applications). In one embodiment, a Multiple 
Hypothesis Ranging algorithm is used to calculate distance. 
Such an algorithm is described in US. patent application 
Ser. No. 09/130,279 ?led Aug. 6, 1998, the description of 
Which is hereby incorporated by reference. 

[0072] In addition, in one embodiment, When sensors 14 
detect that there’s something back there, systems 10 and 30 
alert the driver immediately (e.g., by ?ashing 44, 46 or 48), 
so that he or she can take action and not back into Whatever 
object is being detected. 

[0073] The intent is to provide immediate feedback to the 
driver shortly after the vehicle transmission is shifted into 
reverse. This information includes information on objects in 
the vicinity of the rear of the vehicle as Well as information 
on objects in the path of the rear of the vehicle. In one 
embodiment, in the case Where objects are in close proxim 
ity to the rear of the vehicle, but not in the path of the 
vehicle, an auditory prompt representing an “alert” is 
sounded for the driver. (This is in addition to lighting the 
appropriate LEDs in mirrors 40 and 41.) If an object is 
detected in the path of the vehicle, in the range of 5 to 10 
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feet, the system Will categoriZe that as a haZard situation and 
an auditory prompt representing a “Warning” is sounded for 
the driver. If an object is detected in the path of the vehicle, 
Within a range of 5 feet, the system Will categoriZe that as an 
emergency situation and an auditory prompt representing an 
“emergency” is sounded for the driver. After the vehicle has 
been backing up for tWo or more seconds, the alert, Warning, 
and emergency Will have cleared and the system Will begin 
providing range feedback to the driver in the form of 
distance information, as displayed on the Operator Interface 
and Side Display Modules, and auditory feedback in the 
form of pulsed tones. The closer the vehicle gets to an object, 
the faster the repetition rate of the pulses until the rear of the 
vehicle is Within one foot at Which time the pulses have 
turned into a continuous tone. In the process of backing up, 
if a person or vehicle suddenly appeared behind the vehicle, 
the system Will automatically detect a sudden change in 
range to the object and the “emergency” auditory prompt 
Will be issued to the driver so he/she can take action. 

[0074] In one such embodiment, When the driver is going 
to back up, if there is an object Within range, one of three 
scenarios Will happen. First, if the system senses a truck or 
other object close to the truck on either side, systems 10 and 
30 Will give him an alert. The system knoWs that there is no 
collision potential here, but just alerts him that there is 
something there. In one embodiment systems 10 and 30 
provide one set of tones to the driver for an alert. Second, if 
there is an object in the range of 5-10 feet as soon as the 
driver throWs it into reverse, systems 10 and 30 sense the 
object and provide the driver With a different alarm (e.g., a 
different set of tones or a different ?ashing light). This alarm 
is called a haZard alarm. And again, that’s to alert the driver 
so he can take action on the haZard alarm. Third, if there is 
an object Within 5 feet, the driver receives an emergency 
alarm (i.e., a third set of tones, or a third ?ashing light). 
Systems 10 and 30 therefore provide feedback indicative of 
the distance to an object behind the driver. In one such 
embodiment, audible or visual feedback tells the driver he’s 
getting closer; the pulses go faster and faster to the point 
Where, When he’s Within a foot, the pulses are continuous. 
But, if in the process of backing up, the system automatically 
detects that the distance suddenly became shorter, it Will 
provide the emergency alarm right aWay so the driver can 
take action. For eXample, if somebody drove in behind the 
driver, or some kid ran in back of the vehicle, systems 10 and 
30 sense that and automatically provide the emergency 
alarm so the driver can take action. As noted above, some of 
the systems that are out there actually detect Zones of 
distance and provide feedback for that. Systems 10 and 30 
go beyond that in that they detect and differentiate objects 
outside the area of potential collision from those inside and 
secondly, they can detect sudden changes in distance for an 
emergency alarm. 

[0075] In one embodiment, the side vieW mirrors of FIGS. 
4a and 4b display information corresponding to the Zones. In 
that embodiment, detection that the truck is in emergency 
Zone 70 causes rapid ?ashing of LEDs 1-4 and triangle 48 
to alert the driver of the proXimity of the object. In addition, 
in one embodiment haZard Zone 72 is divided into four Zones 
corresponding to each of LEDs 1-4 as described above. 

[0076] In one embodiment a self test capability is pro 
vided. Self test addresses several issues. One is When 
systems 10 and 30 are ?rst turned on (i.e., the driver throWs 
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the power switch into an “on” position) the systems Will turn 
all the indicators on so that the driver right away can see that 
all the indicators are lit. In addition, control module 12 tests 
its internal circuitry to ensure that the system comes up 
running. The second thing the system does is While it’s 
running, if the micro controller or microprocessor in control 
module 12 Were to fail, systems 10 and 30 then provide a 
“Watch-dog timer” that Will detect the failure. Thirdly, the 
driver can activate self test mode. On doing so, in one 
embodiment, control module 12 ?ashes all of the indicators 
of front panel 20 and/or of mirrors 40 and 41. In one such 
embodiment, control panel 20 includes an indicator 24 for 
each transducer mounted around the vehicle and, on entering 
self test, transducer indicators 24 begin to ?ash. The driver 
then Walks around the vehicle and gets back in the cab. 
Every one of those transducers should detect him; each time 
they detect him, the transducer indicator 24 associated With 
the transducer goes off (i.e., quits ?ashing). If the driver gets 
back to the cab and there’s a transducer still ?ashing, he 
knoWs that something didn’t Work and he can investigate the 
problem. 
[0077] Wireless Portable Transducer System 

[0078] In one embodiment sensors 14 are provided Within 
a Wireless portable transducer system 40. The problem With 
Wired transducer systems is that, if you look at the number 
of trailers out there, they far exceed the number of truck 
tractors out there. And so truck-tractors are basically moving 
from trailer to trailer. It could easily reach the point Where 
establishing a complete collision avoidance system 10 or 30 
on each combination of tractors and trail Would be prohibi 
tively expensive. To better address the needs of ?eet oWners, 
a system 10 is constructed having a Wireless portable system 
40. FIGS. 8 and 9 shoW tWo embodiments of such portable 
systems. 

[0079] In FIG. 8, tWo boxes 70 provide the portable 
transducer function. Each box 70 includes an antenna stick 
ing out the side. Each box 70 mounts under the trailer and 
clamps to the frame of the trailer. Inside each box 70 is an 
ultrasonic transmitter and receiver, electronic circuitry, and 
a radio transmitter and receiver. A tWo Wire cable connects 
battery from the trailer to the electronic circuitry to provide 
poWer. A cable betWeen each box provides common control 
signals from the radio transmitter/receiver such that signals 
from either rear mounted antenna control both Transducer 
Assemblies. 

[0080] In FIG. 9, there is one long extrusion With an 
antenna sticking out each side. The extrusion clamps to the 
frame on the rear of the trailer. The extrusion may be made 
of one piece, or tWo pieces (one Within another) With a 
mechanism to adjust the Width of the extrusion to the Width 
of the trailer. A Transducer Assembly (transmitter and 
receiver) is mounted on each end of the extrusion. The 
electronic circuitry, including radio transmitter and receiver 
are mounted inside the extrusion. In one embodiment, a tWo 
Wire cable connects battery from the trailer to provide poWer 
to the electronic circuitry. 

[0081] Signals to and from the boxes 70 are communi 
cated to the control module of the collision avoidance 
system via the Wireless Communicator to detect, measure, 
and display distance to objects behind the trailer. 

[0082] System 40 is designed so that it can quickly be 
disconnected from one trailer and moved to another trailer. 
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[0083] In one such embodiment, a Wireless Portable 
Transducer System provides for Wireless communication 
betWeen the electronics mounted in the cab of the vehicle 
and the Portable Transducer Array mounted on the rear of 
the trailer. PoWer to operate the Portable Transducer Array 
is provided by connecting in to existing poWer Wiring 
provided to the trailer from the truck’s electrical system. 

[0084] Dependent on the transducer technology used, the 
Portable Transducer Array could be made to be totally 
battery operated. For example, if the Portable Transducer 
Array Were designed using MicropoWer Impulse Radar, 
Doppler Radar or other alternative loW-poWer technologies, 
the transmitting and receiving functions to measure distance 
to objects behind the vehicle Would be loW poWer and could 
operate on batteries built into the Portable Transducer Array. 
The communications betWeen the electronics in the cab of 
the vehicle and the Portable Transducer Array could also use 
MicropoWer Impulse Radar, Doppler Radar, or other alter 
native loW-poWer technologies, thus enabling portability 
With built-in battery poWer. This solution Will eliminate the 
need to tap into the truck’s electrical system to poWer the 
Portable Transducer Array. 

[0085] Wireless embodiments of collision avoidance sys 
tems are described in US. patent application Ser. No. 
09/130,279, ?led Aug. 6, 1998, the descriptions of Which are 
hereby incorporated by reference. 

[0086] In one embodiment, the bulk of the electronics 
stays With the tractor. In addition, the rear transducer array 
stays With the tractor (i.e., as the driver goes from trailer to 
trailer he simply pulls off system 40 and clamps it on the 
next trailer. In one such embodiment, a connector arrange 
ment is provided so the driver can connect system to the 
poWer that’s already on the trailer and quickly get the system 
up and running. 

[0087] In another embodiment, multiple sensors are 
designed into the Wireless subsystem 40 to detect obstacles 
to the rear of the vehicle and on either side of the vehicle. 
Communication With control module 12 is via Wireless 
digital signals. Control module 12 is designed to sense When 
the Wireless portable sensor subsystem is not installed or is 
not functioning properly. 

[0088] Different quick-connect mounting arrangements 
might be needed for different style trucks. In one embodi 
ment, as is shoWn in FIG. 9, portable Wireless sensor 
subsystem 40 is a tubular structure With integral electronics, 
battery pack, and sensors mounted internal or external to the 
structure. The unit Would clamp on the trailer chassis or the 
underride bumper provided on the rear of many trailers. 
Antennas Would be mounted on one or both sides of the 
Wireless portable sensor subsystem protruding just outside 
the left and right edges of the trailer. In another embodiment, 
as is shoWn in FIG. 8, portable Wireless sensor subsystem 40 
is enclosed in tWo separate housings mounted at the left rear 
or right rear of the trailer. Again, quick connect mounting 
arrangements Will be made to secure each unit to the trailer. 
A cable Will interconnect each unit to alloW the sharing of 
one battery pack, one controller, and one Wireless trans 
ceiver. 

[0089] In another embodiment of system 40, the sensors 
on the trailer are hardWired together. Communication 
betWeen the sensors and control module 12, hoWever, is 










