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ABSTRACT

Method for controlling a vehicular system based on the pres
ence of an object in an environment around a vehicle with one

goals being to prevent collisions between the vehicle and any
objects. Infrared light is emitted from the vehicle into a por
tion of the environment around the vehicle and received by a
sensor on the vehicle. Distance between the vehicle and an

object from which the infrared light is re?ected is determined
based on the emission of the infrared light and reception of the
infrared light. The presence of and an identi?cation of the

object from which light is re?ected is/are determined based at
least in part on the received infrared light. The vehicular
system is controlled or adjusted based on the determination of
the presence of an object in the environment around the
vehicle and the identi?cation of the object and the distance
between the object and the vehicle.

40 Claims, 16 Drawing Sheets

US 7,852,462 B2
Page 2
US. PATENT DOCUMENTS
4,257,703 A *

4,625,329
4,833,469
4,867,570
4,926,170

A
A
A
A

4,931,937 A

5,003,166
5,051,735
5,122,796
5,153,836
5,177,462
5,227,786
5,314,037
5,381,338
5,398,185
5,410,346
5,414,439

A
A
A
A
A
A
A
A
A
A
A

3/1981

11/1986
5/1989
9/1989
5/1990

6,281,806 B1
6,324,453 B1

Goodrich ................. .. 356/403

6,327,522 B1

12/2001

Kojimaetal‘

Ishikawaet al.
David
Sorimachi etal.
B9888 91 a1~

6,330,511
6,363,326
6,377,191
6,429,789

12/2001
3/2002
4/2002
8/2002

Ogumet 31‘
Scully
Takubo
Kiridena 6131.

6/1990 Kahinami er a1~

3/1991
9/1991
6/1992
10/1992
V1993
7/1993
5/1994
1/1995
3/1995
4/1995
5/1995

8/2001 Smith et a1.
11/2001 Breedet a1.

Girod
Furukawa
Beggs
Fraughton et a1.
Kajiwara
Hancock
Shaw eta1~
Wysockiet 31.
Omura
Saneyoshi 9t a1~
Groves er 91-

B2
B1
B1
B1

6,442,504 Bl*

6,487,500
6,535,242
6,549,124
6,556,133
6,590,521
6,608,910
6,828,903
6,975,246
6,977,630
7,016,519
2002/0003617

B2
B1
B1
B2
B1
B1
B2
B1
B1
B1
A1

8/2002 Breed e131. ............... .. 702/173

11/2002
3/2003
4/2003
4/2003
7/2003
8/2003
12/2004
12/2005
12/2005
3/2006
1/2002

Lemelson 6131.
Strumolo 6131.
Ishikawa 6131.
OguIa
Sakaetal.
Srinivasa 6131.
Watanabe 6131.
Trudeau
Donath etal.
Nakamuraetal.
Doemens et a1.

5414461 A

5/1995 Kishi er a1~

2004/0143380 Al*

7/2004

5,434,927 A

7/1995 Brady eta1~

2005/0111700 A1

5/2005 O’Boyle 6131.

5,475,494
5,528,698
5,541,590
5,646,612
5,694,320
5,737,083
5,786,772
5,829,782
5,907,293
6,005,958

A
A
A
A
A
A
A
A
A
A

6,256,584 B1 *

12/1995
6/1996
7/1996
7/1997
12/1997
4/1998
7/1998
11/1998
5/1999
12/1999
7/2001

Nishida eta1~
Kamei er a1~
Nishio
Byon
Breed
Owechko et a1.
Scho?eld et a1.
Breedetal.
TognaZZini
Farmer et a1.
Kodaka et a1. ............ .. 701/301

2007/0086624
2007/0282506
2008/0051957
2008/0150786

EP
GB

GB

A1
A1
A1
A1

4/2007
12/2007
2/2008
6/2008

Stain @131. .................. .. 701/36

Breed 6131.
Breed 6131.
Breed 6131.
Breed

FOREIGN PATENT DOCUMENTS
546928
619%
2279841
M995
2289786
“H995

* cited by examiner

US. Patent

Dec. 14, 2010

Sheet 1 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Sheet 2 0f 16

US 7,852,462 B2

avg. 63

Mg. 9

US. Patent

Dec. 14, 2010

-

Display

Sheet 3 0f 16

Fron’r Bllnd
8 o’r

Warning

Moni’ror 8p

Signals 8‘

30's]

Hop’ric Ac’ruo’ror 33

Left Side
Blind Spo’r

CONTROL
MODULE

Moni’ror 5

12

FIG’ 10

US 7,852,462 B2

Rear Bllnd
Spo’r

Moni’ror 7

0

Righ’r Side
Blind Spo’r
Moni’ror 6
Fron’r Corner

,

5"“? 590*
Monl’ror 32

avg. 11

US. Patent

Dec. 14, 2010

Sheet 4 0f 16

US 7,852,462 B2

Hg. 13A

47

45—\

46

:1

Hg. 14

Mg. 130

US. Patent

Dec. 14, 2010

Sheet 6 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Hg. 20

Sheet 7 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Sheet 8 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Sheet 9 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Sheet 10 0f 16

US 7,852,462 B2

150

$19.27
First Crush

Sensor

SE31?

255 $51
F

ln?ctor

_

_

_

_

l

|

-

: Alrbdg

E

I

|

i

I

lnflc?or

Sensor

_

'
'

Airbog

:

|

'

\156 I. _ "KT152_I
153

Firs’r Crash

155

ln?c?or

Sensor

150

T1928

:
V

'

/

|

Second

Ven’r

Crush

Con’rrol

($326 : _
Port or : A'rbc'g

Sensor

Meqns

Vent :

US. Patent

Dec. 14, 2010

Hg. 32$

Sheet 11 0f 16

US 7,852,462 B2

US. Patent

Dec. 14, 2010

Sheet 12 0f 16

US 7,852,462 B2

2%9%
V
Du nu

o:m:

.uEav“

Es3.uE
DDU E-u

5%5E

US. Patent

Dec. 14, 2010

Sheet 13 0f 16

F
.0)

FEOZCwOQ

US 7,852,462 B2

3:

E9966F2m

5085

90:286

62.6w0 ow
95

mm?m0@9 29

05@96058“; 09. 09 1(@NE0929 0E@:2O9E038 E@092 E30 @E8
ow?
g?
c
o
m
@
w
0
o
9
m
v
3
LE09@F092

689,
L0

CD

>0_Qon_ 295m0 0 92.
695D

92 0

5:02

>

@ErQ

/283|0\ C0581

(09 .81

www

9H2
2 m E CO cc_oKSEwom 2.90

EOQJ

US. Patent

190

Dec. 14, 2010

STORAGE

MEANS

Sheet 14 0f 16

US 7,852,462 B2

UsER INTERFACE

\191

OPERATOR

L

/

196

_

SETHNGS \\_l97

GROUND

DRIVING

\

MECHANISM

Y

SPEED

192

SENSOR

TI . 37

\194

195

CONVEYING \
193

DRIVING

.

MECHANISM

PrzorArt
AGRICULTURAL

202

PRODUCT

CONTROLLED

202

Prior Art

TI 38

MICROPROCESSOR

Q

MEANS

‘

201

TI

39

\ 192

US. Patent

Dec. 14, 2010

Sheet 15 0f 16

US 7,852,462 B2

IMPLEMENT WIDTH

13

USER INTERFACE- )
RATE
GROUND ‘
SPEED v

SOLENOID
VALVES

CALIBRATION
VALUE

MICROPROCESSOR

SENSOR

TRANSFER
COU PLER

DRNING

MECHANISM \ 210

I
Hg. 41

METER/
SINGULATOR

PRESSURE
REGULATOR

US. Patent

Dec. 14, 2010

ground surface

24 7

send/Rec
Transducer

<'—

\

Sheet 16 0f 16

K 2 39Am ‘K'fier
.

f gag: '

R

24 8 K 250

5

455 Khz lF 4L ?icffd
“m

gate

255
transmit burst go

254

/237
5

%

K 25]

I

mlxe

x

23 8 j

US 7,852,462 B2

local Osc.

7/249

m m "e

495000 Hz LO

u p

236

2
458%? IF

40,000Hz Source

echo PLL OT

252

g

Fcbppbr
e

Microprocessor or DSP controller
\

**NOTE!

‘l7

235

30 may be generated by controller.
DISPLAY

FIG.

K255

263

To/from

extemctl equipment

[264

. ------- "F---------

:

77 GHZ

Amplitude

:

:

IMII’ATT

Modulator

:

Osclllator

|

r 271

|

Phase

Rangek Detector

265

r

TRANsMlTTER

|

r

4

Xmt Antenna

r

I
|

@

N

l Range Select
| F1, F2, F3

I____________________________________ _ _l

:
:

f269
Demodulator

Il

AGC

I
|

Ag}:

Rec Antenna

Am ll?er

: 270)

I
r

Local K268
050

RECEIVER E

: 267

'

I
|

US 7,852,462 B2
1

2

VEHICULAR COMPONENT CONTROL
METHODS BASED ON BLIND SPOT
MONITORING

such as Whether or not there is enough time to change lanes.
This information should be obtained from the area that com

pletely surrounds the vehicle. In order to gather this informa

tion, the operator is frequently required to physically turn his
CROSS-REFERENCE TO RELATED
APPLICATIONS

or her head to check for occupancy of a blind spot, for

This application is a divisional of Us. patent application
Ser. No. 11/111,474 ?led Apr. 21, 2005, noW U.S. Pat. No.
7,209,221, Which is a continuation-in-part of Us. patent
application Ser. No. 10/754,014 ?led Jan. 8, 2004, noW U.S.
Pat. No. 6,885,968, Which claims priority under 35 U.S.C.

vehicle.
For an automobile, the blind spots typically occur on either

example. In taking such an action, the attention of the driver
is invariably momentarily diverted from control of the

side of the vehicle starting approximately at the position of
the driver and extending backwards sometimes beyond the

§119(e) of Us. provisional patent application Ser. No.

rear of the vehicle. The locations of these blind spots depend
heavily on the adjustment of the angle of the rear vieW mirror.

60/442,204 ?led Jan. 24, 2003 and is a continuation-in-part of

Different areas are in the blind spot depending on the mirror

Us. patent application Ser. No. 09/851,362 ?led May 8,
2001, noW U.S. Pat. No. 7,049,945, Which claims priority

angle. Since it is in general not knoWn Whether or hoW the
mirror is set for the particular vehicle, a blind spot detector

under 35 U.S.C. §119(e) of Us. provisional patent applica
tion Ser. No. 60/202,424 ?led May 8, 2000. These applica
tions are incorporated by reference herein in their entirety.

must detect objects anyWhere along the sides of the vehicle
regardless of the mirror setting.
The problem is more complicated for trucks, enclosed farm
20

tractors and construction equipment that not only can have

FIELD OF THE INVENTION

much larger blind spots along the sides of the vehicle but also

This invention relates generally to collision avoidance sys
tems and methods and more speci?cally to systems and meth

bumper of the vehicle and extending beyond the right door.

can have a serious blind spot starting in front of the right front

the vehicle operator and/or preventing the vehicle operator

This blind spot is particularly serious With trucks and even
vans, SUVs and cars in urban driving Where small vehicles,
motorcycles, pedestrians, bicycles etc. in this area can be
completely hidden from the vieW of the driver.

from taking action such as changing lanes When such an
action might lead to an accident

rotate the mirror to pick up or alloW a driver to visually see the

ods for detecting and obtaining information about objects in

25

the various blind spots that surround a vehicle and Warning

All of the references, patents and patent applications that

Several systems have been designed Which attempt to
30

are referred to herein are incorporated by reference in their

entirety as if they had each been set forth herein in full. Note
that this application is one in a series of applications covering
safety and other systems for vehicles and other uses. The
disclosure herein goes beyond that needed to support the
claims of the particular invention set forth herein. This is not
to be construed that the inventors are thereby releasing the
unclaimed disclosure and subject matter into the public

mining the location of the driver’ s eyes, there is a risk that the
35

mirrors Will be positioned Wrongly thus exacerbating rather
than helping the blind spot detection problem. Also, a system
that rotates the mirror Will make the driver nervous since he or
she Will not be able to see the scene that he or she is accus

tomed to seeing in the mirror.

domain. Rather, it is intended that patent applications have
been or Will be ?led to cover all of the subject matter disclosed

object in the blind spot. This is di?icult to do Without knoWl
edge of the location of the eyes of the driver. For mo st systems
that do not incorporate an occupant sensor capable of deter

Monitoring systems that are based on radar or ultrasound
40

have been available but not Widely adopted for automobile

beloW and in the current assignee’s granted and pending
applications. Also please note that the terms frequently used

blind spot detection for reasons related to cost, accuracy and
false alarms. Both systems use beams of energy that can

beloW “the invention” or “this invention” is not meant to be

become several feet in diameter by the time they reach the

construed that there is only one invention being discussed.
Instead, When the terms “the invention” or “this invention”

45

are used, it is referring to the particular invention being dis
cussed in the paragraph Where the term is used.

ening objects from non-threatening objects based on the rela
tive speed of the object and thus err by eliminating a signi?

There are numerous methods and components described

and disclosed herein. Many combinations of these methods
and components are described but in order to conserve space

cant number of such threats. A tradeoff exists in all such
50

the inventors have not described all combinations and permu

tations of these methods and components, hoWever, the inven
tors intend that each and every such combination and permu
tation is an invention to be considered disclosed by this
disclosure. The inventors further intend to ?le continuation
and continuation in part applications to cover many of these

These prior art systems thus have serious failure modes.
The lesson is that if a vision-based system such as the rear

vieW mirror is going to be replaced With a non-vision system,

BACKGROUND OF THE INVENTION
60

1. Vehicle Exterior Monitoring

then the non-vision system must be almost as good as the
vision system or it Will not be adopted.
Some other problems arise When a vehicle strays into the

lane of the host vehicle, i.e., the vehicle With the blind spot
detector. Most systems Will fail to Warn the operator and thus
an accident can result. As such, the blind spot problem is

1.1 General
During the process of operating a motor vehicle, it is nec

proximity of various dangerous objects and their relative
velocities for the operator to make sound driving decisions,

systems Where, if all threatening objects are made knoWn to
the driver, the false alarm rate becomes unacceptable and the
driver soon loses con?dence in the system and ignores it. If
the false alarm rate is kept loW, many dangerous situations are

ignored.
55

combinations and permutations.

essary for the operator to obtain information concerning the

edges of the blind spot and thus can confuse a large vehicle or
a guardrail, sign, parked car etc. tWo lanes over With a vehicle
in the blind spot. Some such systems attempt to ?lter threat

65

really tWo problems relating to the motion of the potentially
striking vehicle and the potentially struck vehicle.
A problem that is addressed herein is to determine What
information is needed about the object in the blind spot and

US 7,852,462 B2
3

4

then the manner in Which this information is presented to the
vehicle operator so as to eliminate accidents caused by the
failure of the operator to see such an object. This information
includes the accurate location of the object relative to the host

and pulse or FMCW being quite advantageous for long dis
tance collision avoidance applications.
What folloWs in a brief description of the principles of
operation for different types of sensors including their main

vehicle, its siZe, its relative and/or absolute speed, and the

advantages and disadvantages. For blind spot applications,

identity or kind of object. This information must be knoWn
regardless of the changes in road geometry such as steep hills
and sharp curves or changes in environmental conditions.
Naturally, the system must be loW cost if it is going to be

sensors should be able to accurately determine the location of

the object and the speed of the obstacle relative to the host
vehicle. HoW Well this is achieved can be measured With the

folloWing indicators:

purchased by the public or installed by vehicle manufactur

Sensing range: the maximum and minimum range over
Which the technique can be used.
Range Resolution: the relative change in range that can be
measured.
Pixel Resolution: the Width of the beam or siZe of the pixel

ers.

Studies have shoWn that giving the driver an extra half
second could eliminate as many as 50 percent of the acci
dents. Thus, the risk of an accident must also be communi

cated to the operator in a timely fashion to permit the driver to

received and to Which the sensor is sensitive.
Response time: hoW quickly the sensor can respond to a

take evasive action or not take a particular action such as a

lane change.

change in the blind spot occupancy.
Ultrasonics: These sensors Work by measuring the time

What is needed therefore is a system that acts like the eyes

of the driver and interprets the situation and only gives a
Warning When there is a real possibility of an accident. A
passive Warning can be given in the form of a light on the
mirror Whenever an object is in the blind spot; hoWever, an

to-?ight of a short burst of ultrasound energy typically at a
20

frequency of 30-200 kHZ. The time taken for the ultrasonic
Waves to travel to and return from the obstacle is directly

proportional to the distance betWeen the obstacle and the host
vehicle. The main advantage is their relative loW cost and

active signal such as an audible signal or an intervention in the

steering of the automobile should only be provided When it is

small siZe. These sensors are also very sensitive to changes in

very high reliability and accuracy since the consequences of

the density of air that can be caused by, e.g., high Wind
velocity and temperature gradients. Velocity can be measured

an error can be serious injuries or death.

by the Doppler frequency

necessary to prevent an accident. This system must Work With

25

1.2 Blind Spot Detection Systems
The term “blind spot” as used herein is meant to include
more than the common de?nition of the term. See section 7.
De?nitions for a more complete de?nition.

Passive Infrared: These sensors measure the thermal
30

determine the distance to a detected object and sloW response

time.
Laser Radar: As With regular radar, tWo techniques exist:

In U. Dravidam and S. Tosunoglu, “A survey on automo
bile collision avoidance system”, Florida conference on
recent advances in robotics 1999, the authors provide a good
revieW of the ?eld of obstacle sensors. What folloWs is a
summary of their analysis. Obstacle sensors such as used for

energy emitted by objects. Their main advantage is their loW
cost and small siZe, and main disadvantage is their inability to

(1) a pulsed-beam of infrared light coupled With time-of
35

?ight measurements, and (2) the modulation of a continuous

light beam. The pulsed technique offers long range, high

blind spot detection can be divided into three types:

directionality, and fast response time. Its limitations are its

Optical sensors include passive infrared, laser radar and
vision. They generally are sensitive to external environmental
conditions, Which may not be a problem for blind spot detec
tion since the objects to be detected are usually nearby the

sensitivity to environmental conditions.
40

quency difference betWeen the re?ected signal and the trans

mitted signal is proportional to the relative velocity of the

host vehicle. Passive infrared and vision cannot provide a
direct measurement of distance to an object unless part of the
?eld of vieW is illuminated by a point or structured light.

Laser radar does provide the capability of direct distance

FMCW or AMCW Radar: This type of radar uses modu
lated microWave or millimeter frequencies, so that the fre

45

object. When tWo Waves of slightly different frequencies are
used, the distance to the object can also be determined by the
phase relationship betWeen the tWo received re?ections.

measurement, as Will be described beloW, and a stereo camera

Despite its high cost, this technique offers the advantages of

can also provide distance information.

being insensitive to environmental conditions, but the disad
vantage of having a large pixel siZe. Velocity can be measured

AMCW (amplitude modulated continuous Wave), FMCW
(frequency modulated continuous Wave) and impulse and
noise or pseudo-noise (CDMAicode modulated multiple

by the Doppler frequency shift.
50

Impulse Radar: This radar differs from FMCW in that it

access) radar are not generally affected by adverse environ

uses very short pulses instead of a continuous Wave. Like

mental conditions. Although relatively expensive, FMCW

FMCW radar, it is insensitive to environmental conditions,

radar is a good technique for long-range distance measure
ment provided the object to be measured can be separated
from other objects. Radar in general has a high false alarm
rate due to the large pixel siZe at any signi?cant distance from
the host vehicle, to multipath effects and re?ections from

and the cost is signi?cantly loWer than FMCW. Distance can

be determined by time-of-?ight measurements and velocity
55

also has the disadvantage of having a large pixel siZe resulting
in a high false alarm rate and too little information to permit

signs, bridges, guardrails etc.

object identi?cation.
Capacitive and Magnetic: Capacitive and magnetic sensors

Ultrasonics are good in applications Where only short rela
tive distance measurements are required, since they are able

60

to provide high distance to the target resolution for a relatively

loW cost. HoWever, for imaging applications, the sloW speed
and relatively large pixel siZe renders ultrasonics marginal
Various researchers have attempted combinations of these
technologies With the particular combination of laser radar

are able to detect close objects (Within about 2 m.), using the
capacitance or magnetic ?eld variations betWeen electrodes
excited at loW frequencies, typically about 5 kHZ. Despite
their limited range, they are loW in co st, and robust to external

even for close up targets. Also, ultrasonic Waves can be sig

ni?cantly distorted by thermal gradients and Wind.

can be determined from successive distance measurements. It

65

environmental effects. Poor resolution compared to other
techniques makes it unlikely that these devices Will be used
for blind spot detection since most objects are close to the
vehicle.

