PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/12932
Al
Go1C 3/00 (43) International Publication Date: 2 May 1996 (02.05.96)
(21) International Application Number: PCT/US95/11353 | (81) Designated States: CA, JP, KR, European patent (AT, BE, CH,
DE

(22) International Filing Date: 5 September 1995 (05.09.95)

(30) Priority Data:

08/326,477 us

20 October 1994 (20.10.94)

(71) Applicant: AUTOMOTIVE SYSTEMS LABORATORY, INC.
[US/US]; Suite B-12, 27200 Haggerty Road, Farmington
Hills, MI 48331 (US).

(72) Inventors: CAMPBELL, James, A.; 5071 Plymouth Road,
Ann Arbor, MI 48105 (US). GILLIS, Edward, J.; 822
Norchester, South Lyon, MI 48178 (US).

(74) Agent: LYON, Lyman, R.; Suite 207, 3883 Telegraph Road,
Bloomfield Hills, MI 48302-1476 (US).

, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: OPTICAL DISTANCE MEASURING SYSTEM HAVING RANGE LIMIT DETECTION

(57) Abstract e

An optical distance measuring
system (100) includes a limit detec-
tor (102) positioned proximate and ori-

ented relative to a sensing means (18)
for detecting light returning from an
object (22) which otherwise substan-
tially misses the active sensing area of
the sensing means (18) after imaging
by a receiver lens (16). The limit de-

100

tector (102) provides an output that in-
dicates the object is located at a dis-
tance less than a minimum distance in-
herently needed by the system (100)
to provide accurate distance measure-
ments.
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OPTICAL DISTANCE MEASURING S8YSTEM HAVING RANGE LIMIT DETECTION
BACKGROUND OF THE INVENTION
The present invention relates generally to optical

distance measuring arrangements, and more particularly to
calibration of optical distance measuring arrangements using
position sensitive detector (PSD) elements.
conventional optical distance measuring systems which
utilize a PSD element to measure distance between the optical
system and the surface of an object, such as used in autofocus
cameras and other range measuring equipment, measure distance
by triangulation. More specifically, as shown in Fig. 1, a
block diagram of a conventional optical distance measuring
system 10 includes an LED transmitter 12, a transmitter
lens 14, a receiver lens 16, and a PSD element 18 with
associated amplifier circuit 20. In operation, the LED emits
a distancing light beam which is reflected in all directions by
the surface of an object 22. The light which is reflected or
otherwise returned through the principal point of the receiver
jens 16 forms an angle « relative to the incident beam. The
reflected light is focused by the receiving lens 16 to form a
peam spot on an active area of the PSD element 18. The various
physical parameters shown in Fig. 1 are defined as follows:
x - distance of the object from principal point of
transmitter lens along beam of incident

distancing light;

L - length of the active area of the PSD element;

I - current from the inside 1lead of the PSD
element;

o - current from the outside 1lead of the PSD
element;

y - distance from the inside edge of the PSD active
area to the center of the spot of
reflected/scattered light;

s - perpendicular distance from the center of the
jincident distancing light beam to the principal

point of the receiver lens;



10

15

20

25

30

35

WO 96/12932

PCT/US95/11353

-2 -

f - distance between the Principal point of the
receiver lens and the plane of the PSD as
measured parallel to the incident distancing
light beam;

9 - distance from a point where a line through the
principal point of the receiver 1lens and
parallel to the incident distancing light beam
intersects the pPlane of the Psp element to the
inside edge of the PSD active area; ang

2 - distance from a point where a line through the
pPrincipal point of the receiver lens and
parallel to the incident distancing light beam
intersects the pPlane of the Psp element to the
center of the reflected 1light spot on the PSD
element; where

¥ = L(I-0)/(1+0); (1)
2 = g+y; and

cot o = xX/s=f/z,

X = (f)(s)/z (2)

As is evidenced by equation (2), the measurement of x

is dependent upon the location on the PSD element of the
returned light bean. However, due to physical limitations,
conventional measurement systems inherently have a measuring

sensing area of the psp element at very short distances, ji.e.
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determining whether the low PSD output is due to a target
object which is close in distance or far in distance.

SUMMARY OF THE INVENTION
It therefore is an object of the present invention to
provide an optical distance measuring system which can
distinguish between target objects which are closer than (i.e.

"inside") the measuring system’s effective measurement range
and target objects which are farther (i.e. "outside") than the
effective measurement range.

It is a further object of the present invention to
provide an improved optical distance measuring system which
utilizes a 1limit detector to provide an indication that a
target object is located at a distance which is too close to
obtain a reliable distance measurement.

Therefore, in accordance with the present invention,
an optical distance measuring system comprises an optical
transmitter for directing a distancing light beam at an object
separated from the transmitter, and an optical receiver
comprising a means for imaging onto a sensing means the
distancing light beam returning from the object. The sensing
means generates an output which is a measure of the distance
between the object and the transmitter. A limit detector means
is positioned proximate the sensor means for generating an
output responsive to the object being 1located within a
particular distance from the transmitter.

In further accordance with the present invention, the
1imit detector is arranged in several different embodiments.
In one arrangement, the limit detector comprises a photodiode
element positioned adjacent the sensing means and oriented
either to provide a limit detector sensing field perpendicular
to the sensing field of the sensor means, or contiguous to the
sensing field of the sensing means. In another arrangement a
mirror is used to reflect returning light beams onto the
photodiode element. In yet another arrangement, the limit
detector comprises an incurvate mirror positioned relative to

the sensing means to reflect the returning light beams which



10

15

20

25

30

35

WO 96/12932

PCT/US95/11353

- -

substantially miss the sensing means onto a particular area of
the sensing means. 1In all of the limit detector arrangements,
the limit detector is oriented relative to the sensing means to
intercept returning light beams which Substantially miss the
sensing means after being imaged by the imaging means.

The present invention will be more fully understood
upon reading the following detailed description of the
preferred embodiment in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration of a conventional

optical distance measuring system;

Fig. 2 is a graph showing the outputs of a Ppsp
element with respect to target object distance;

Fig. 3 is a schematic illustration of a first
embodiment of the present invention;

Fig. 4 is a graph illustrating the PSD element
outputs and a 1limit detector output with respect to target
object distance in accordance with the pPresent invention;

Fig. 5 is a schematic illustration of a second
embodiment of the present invention;

Fig. 6 is a schematic illustration of a third
embodiment of the present invention; and

Fig. 7 is a schematic illustration of a fourth

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
Referring to Fig. 3, an improved optical distance

measuring system 100 in accordance with a first embodiment of
the present invention is shown as utilizing an "inside the
measuring range" 1limit detector 102 in conjunction with a
conventional PSD-type distance measuring system, such as
system 10 shown in Fig. 1. It is noted for brevity of
description that system elements common to both systems 10
and 100 have been denoted with identical references numbers.
In accordance with the present invention, the inside 1limit
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detector comprises an optical or opti-electrical component
arranged and/or positioned relative to the PSD sensor
element 18 to provide an output indicative of a target object
being located at an extremely short distance, i.e., X is very
small.

As shown in Fig. 3, limit detector 102 comprises a
photodetector element 104 located adjacent to the outside (0)
edge of the PSD element 18. The photodiode element 104 extends
from the sensing field of the PSD element 18 towards the
measurement field to provide a substantially perpendicular
sensing field relationship to the sensing field of the PSD
element 18. The photodiode 104 effectively intercepts light
rays which are reflected/scattered by a target object which is
at a distance so close that the light rays substantially miss
the active sensing area of the PSD element after imaging by the
receiver lens 16. Such a position is denoted as position A in
Fig. 3. The photodiode 104 provides an output L which is
processed by an amplifier circuit 106. As will readily be
appreciated by one having ordinary skill in the art, the
receiver lens 16 can be tilted to optimize the viewing angle
for the limit detector relative to the inside 1imit range while
still providing adequate imaging for targets over the entire
length of the operable measuring range, such as represented by
position B.

Fig. 4 illustrates a graph of the three outputs O, I,
and L as plotted over target distance X from the transmitter
lens 14. As shown in Fig. 4, when L is greater than I or O,
than the target object is within the system’s inside limit
range. Stated another way, the point at which L becomes less
than I or O marks the beginning of the distance measuring
system’s optimal measuring range.

Figs. 5-7 show alternative embodiments for
implementing the 1imit detector in accordance with the present
invention. More specifically, Fig. 5 illustrates a limit
detector 200 formed from a photodiode 202 being positioned
adjacent the outside (0) edge of the PSD element 18 and

oriented in substantially the same sensing plane to provide a
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limit detector sensing field which is contiguous to the sensing
field of the PSD element 18. Limit detector 200 will generally
require a larger photodiode sensing surface than
photodiode 104. Fig. 6 illustrates a limit detector 300 which

to the photodiode 304 to effectively reflect the 1light rays
which substantially miss the photodiode sensing area after
being imaged by the receiver 1lens 16. Fig. 7 illustrates a

near the edge of the active sensing area. As shown in Fig. 7,
limit detector 400 does not provide a Séparate output L, but
rather a substantially constant 0 and 1 output will be
generated when a target object is at a distance inside the
optimal measuring range.

While the present invention is generally applicable
to any optical distance measuring system such as used in
autofocus cameras, the present invention is particularly
advantageous when utilized in a vehicle occupant position
detection systen. More specifically, the optical distance
measuring system 100 is mounted to a fixed structure within a
vehicle, such as an automobile dashboard, and is used by a
vehicle crash discrimination System as a nmeans for
determining/monitoring the distance between a vehicle occupant
and the fixed structure within the vehicle. The distance
measurement provides an indication of Occupant position and is
useful in enhancing deployment decisions for occupant safety
restraint devices such as an air bag. The detection of
Occupant position can be used to warn occupants that they are
too close to an air bag or are otherwise in an unsafe seating
condition, and/or as an input to the crash detection algorithm
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for disabling/adjusting air bag inflation profiles and/or
determining optimal air bag firing times.

Because an occupant position sensing system
inherently has a range over which accurate distance
measurements can be made, such as 10 cm < X < 100 cm, the limit
detector of the present invention allows the system to
distinguish between an occupant who is "too close" for accurate
measurement (e.g., x < 10 cm) and an occupant who is "too far"
for accurate measurement (e.g., X > 100 cm).

Tt is further noted that while the preferred
embodiments have been described in connection with a PSD
element, the limit detector teachings of the present invention
are suitably applicable to optical distance measuring systems
utilizing other sensing arrangements which rely on the imaging
of returned light onto a sensor means. In this regard, it will
be understood that the foregoing description of the preferred
embodiment of the present invention is for illustrative
purposes only, and that the various structural and operational
features herein disclosed are susceptible to a number of
modifications, none of which departs from the spirit and scope

of the present invention as defined in the appended claims.
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WE _CLAIM:

l. An optical distance measuring system comprising:
an optical transmitter for directing a distancing 1light
beam at an object separated from said transmitter;
an optical receiver comprising a means for imaging onto a
sensing means the distancing light beam returning from
the object, said sensing means generating an output
which is a measure of the distance separating the
object and said transmitter; and
a limit detector means positioned proximate said sensor
means for generating an output responsive to the object
being located within a particular distance from said

transmitter.

2. The system of claim 1 wherein said limit detector
means is oriented relative to said sensing means to detect
returning light beams which substantially miss said sensing
means after being imaged by said imaging means.

3. The system of claim 1 wherein said 1limit detector
means comprises a photodiode element positioned adjacent said

sensing means.

4. The system of claim 3 wherein said photodiode element
is oriented to provide a limit detector sensing field which is
substantially perpendicular to a sensing field of said sensing

means.,

5. The system of claim 3 wherein said photodiode element
is oriented to provide a 1limit detector sensing field
contiguous to a sensing field of said sensing means.

6. The system of claim 3 wherein said limit detector
means further comprises a mirror positioned relative to said
photodiode element to reflect returning light beams onto said

photodiode element.
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7. The system of claim 1 wherein said 1limit detector
means comprises an incurvate mirror positioned relative to said
sensing means to reflect returning light beams which
substantially miss the sensing means onto a particular area of

the sensing means.
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