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(57) ABSTRACT 

An optical target for temporary application in non-deter-
mined placement on a surface of an object such as a vehicle 
wheel assembly within the field of view of an imaging sensor 
ofa machine vision vehicle service system. The optical target 
consists of a flexible body which is relatively thin and gener-
ally flat, capable of conforming to the contours of a surface 
onto which it is secured in releasable marmer by a means of 
adhesion. A set of visible optical elements are disposed on a 
front face of the target body for observation and imaging by 
the imaging sensors. 
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OPTICAL TARGETS FOR MACHINE VISION 
VEHICLE SERVICE SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

2 
terms of processing the images acquired by the imaging sen-
sors, it introduces a new set of problems. In particular, the 
construction of the optical target structures is time consuming 
and expensive, as they are manufactured to precise specifica-
tions, and they require specialized mounting components for 
attachment to the object surfaces, such as wheel assemblies, 
which limit the possible placement locations within a field of 
view. The present application is related to, and claims priority 

from, U.S. Provisional Patent Application Ser. No. 61/238, 
711 filed on Sep. 1, 2009, which is herein incorporated by 
reference. 

Accordingly, it would be advantageous to provide a low-
cost optical target which may be temporarily placed in a 

10 f; non-determined position on a wide range of object sur aces 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

within the field of view of a machine vision vehicle service 
system to provide a set of identifiable features or target ele-
ments within an acquired image for subsequent measurement 
processing. It would be further advantageous to provide such 

Not Applicable. 

BACKGROUND OF THE INVENTION 

15 a low-cost optical target with a means for attaclnnent to the 
object surfaces which does not require specialized mounting 
structures, and which is readily removable and is optionally 
reusable or consumable. 

The present invention is related generally to machine 
vision vehicle service systems, and in particular, to a multi- 20 
element optical target which may be temporarily positioned 
in a non-detem1ined placement on a surface within a field of 
view of an imaging sensor associated with a machine vision 
vehicle service system during a vehicle service procedure, to 
facilitate the acquisition of measurements associated with the 25 
surface. 

Machine vision vehicle service systems typically utilize 
one or more imaging sensors to acquire images of objects 
disposed within a field of view. The acquired images are 
processed by suitably configured processing systems to 30 
extract data associated with the observed objects. The 
extracted data may identify the position and orientation of the 
observed object within the field of view, or may provide 
measurements of movement of the object. 

Some machine vision vehicle service systems are config- 35 
ured to process images of objects directly observed, i.e. the 
surfaces of wheel assemblies or wheel rims, vehicle body 
panels, or suspension components. These machine vision 
vehicle service systems require significant image processing 
capabilities, as the objects being observed are generally of an 40 
unknown configuration, which renders it difficult to obtain 
meaningfol measurements without the use of complex imag-
ing sensor configurations or advanced image processing tech-
niques. 

BRIEF SUMMARY OF THE INVENTION 

Briefly stated, the present disclosure provides an optical 
target for temporary application to a surface of a vehicle 
wheel assembly in a non-determined position within the field 
of view of an imaging sensor of a machine vision vehicle 
service system. The optical target consists of a body defined 
by a sheet of material such as vinyL paper, or cardboard, may 
optionally include a layer of a self-adhesive material applied 
to a back surface, and further includes at least one optical 
target element disposed on the opposite (front) surface for 
observation by the imaging sensor. 

In one embodiment of the present disclosure, the optical 
target is composed of a flat body of a flexible vinyl material 
adapted to conform to the surface of a wheel assembly. A 
releasable contact adhesive is disposed on the back surface, 
while a set of high-contrast optical target elements are printed 
on a front surface in a predetermined configuration. 

During use with a machine vision vehicle service system, 
one or more optical targets of the present disclosure are posi-
tioned in non-determined placement onto the surfaces of a 
vehicle wheel assembly to be observed, such as by the self 
adhesive material, with the front face optical target elements 
are generally visible to the imaging sensors of the machine 
vision vehicle service system. Images of the vehicle wheel 
assembly, and the associated optical targets are acquired by 

Traditionally, most machine vision vehicle service systems 
require the operator to dispose one or more optical target 
structures within the field of view of the imaging sensors prior 
to the acquisition of the images. The optical target structures 
have known or predetermined features which are highly vis-
ible to the imaging sensors, such as retro-reflective geometric 
patterns, and are disposed in the field of view in such a manner 
as to be associated with the objects being observed. For 
example, it is well known to secure rigid optical target struc-
tures, such as shown in U.S. Pat. No. 6,710,866 Bl to Adolph 
having a plurality of optical target elements onto a vehicle 
body panel or onto vehicle wheel assemblies using a mount-
ing or other attachment structure which can be removably 
secured to the wheel assembly in a fixed relationship. The use 

45 the imaging sensors, and are processed to identity any visible 
optical target elements. Processing of the images of the iden-
tified visible optical target elements, together with the prede-
tennined configuration of the optical target elements on the 
optical targets, provide measurement data associated with the 

of optical target structures provides the imaging sensors with 
highly visible elements in the acquired images, which have 
known features for subsequent image processing. Since the 
optical target structures are mounted in association with the 
observed objects, position and measurement data acquired 
from the observation of the optical targets may be related to 
the observed object. 

While the use of optical target structures offers distinct 
advantages to a machine vision vehicle service system in 

50 various optical targets present in the field of view, and which 
corresponds to measurement data associated with the sur-
faces of the vehicle wheel assembly onto which the optical 
targets are presently positioned. Upon completion of a 
vehicle service procedure, the optical targets are removed 

55 from the object surfaces and are stored for future use, or are 
discarded. 

The foregoing features, and advantages set forth in the 
present disclosure as well as presently preferred embodi-
ments will become more apparent from the reading of the 

60 following description in com1ection with the accompanying 
drawings. 

65 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

In the accompanying drawings which form part of the 
specification: 
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FIG. 1 is a perspective view of a prior art optical target 
mounted to a wheel assembly; 

FIG. 2 is a front view of an exemplary optical target of the 
present disclosure; 

FIG. 3 is a perspective view of a wheel assembly onto 
which three of the exemplary optical targets of FIG. 2 have 
been temporarily placed at the spoke/rim junctions; and 

4 
The optical target 100 is intended for temporary placement 
against the surface S of an object in a non-determined loca-
tion, without the use of a mounting stmcture or other external 
attacl1111ent means, such as shown in FIG. 3. As used herein, 
the phrase "non-determined location" describes a placement 
location on the surface S of an object such as a vehicle wheel 
assembly which is not predetermined or known in advance, 
such as a required target placement position. For example, a 
non-detern1ined location on a vehicle wheel assembly may be 

FIG. 4 illustrates an exemplary placement of cameras for 
viewing optical targets of the present disclosure placed on the 
wheels of a vehicle disposed on a vehicle support structure 
during a service procedure. 

Corresponding reference numerals indicate corresponding 
parts throughout the several figures of the drawings. It is to be 
understood that the drawings are for illustrating the concepts 
set forth in the present disclosure and are not to scale. 

10 on any surface between an axis of rotation of the vehicle 
wheel assembly and an outer rim lip of the vehicle wheel 
assembly. 

Preferably, the optical target 100 is self-adhesive, and 
includes an adhesive means such as a releasable contact adhe-

Before any embodiments of the invention are explained in 
detail, it is to be understood that the invention is not limited in 

15 sivelayerdisposedon the back surface 104, which permits the 
optical target to be smoothly applied directly on the object 
surface S. Ifthe planar body 102 is flexible, the flexible nature 
of the planar body 102 may be conformed to the shape of the 

its application to the details of construction and the arrange-
ment of components set forth in the following description or 20 
illustrated in the drawings. 

DETAILED DESCRIPTION 

The following detailed description illustrates the invention 25 
by way of example and not by way oflimitation. The descrip-
tion enables one skilled in the art to make and use the present 
disclosure, and describes several embodiments, adaptations, 
variations, alternatives, and uses of the present disclosure, 
including what is presently believed to be the best mode of 30 
carrying out the present disclosure. 

Turning to the figures in general, and to FIG. 2 in particular, 
an optical target of the present disclosure for temporary appli-
cation to the surface S ofanobject 10, such as a vehicle wheel 
assembly or vehicle body panel, within the field of view of an 35 
imaging sensor 12 of a machine vision vehicle service sys-
tem. The optical target 100 consists of a generally planar body 
102 defined by a sheet or layer of flexible material having a 
baek surfaee 104 adapted for placement against the surface S 
of the object 10, such as a paper, cardboard, or vinyl material. 40 
The material is preferably sufficiently flexible to conform to 
the contours of the surface S of the vehicle wheel assembly or 
other object onto which the target 100 is being disposed, and 
is preferably sufficiently durable to withstand repeated uses 
without ripping, tearing, or deforn1ing. However, it will be 45 

readily recognized that durability of the optical targets 100 is 
not required, and that the optical targets 100 may be manu-
factured as a consumable product intended for disposal after 
only one or more uses. 

As used herein, the phrase "planar body" is not intended to 50 
be limited to a rigid structure, but rather, is intended to 
describe a structure having two dimensions (length and 
width) which are significantly greater in size than the third 
dimension (thickness). The front surface 106 of the planar 
body 102, opposite the back surface 104, includes a set of 55 
optical target elements 108 having generally known features 
and relationships. The optical target elements 108 are prefer-
ably in the form of markings on the front surface 106 which 
are highly contrasted against the front surface 106. 

For example, as seen in FIG. 2, the optical target elements 60 
108 may be in the fonn of black circles disposed on a white 
surface 106. Those of ordinary skill in the art will recognize 
that the optical target elements 108 may be formed in any 
manner suitable for observation by the imaging sensors 12 of 
the machine vision vehicle service system 14, and may 65 
include the use of color, retro-reflective materials, or optical 
patterns. 

object surface S at the placement location. Alternatively, if the 
planar body 102 is rigid, the planar body 102 will define a flat 
surface secured to the object's surface S. Those of ordinary 
skill in the art will recognize that a variety of means for 
adhesion may be employed to temporarily secure the optical 
target 100 to the object surface S, and are not limited to 
applied layers of glues or chemical compositions. For 
example, the means for adhesion may including frictional 
engagement between the back surface 104 and the object 
surface S, electrostatic attraction, intermolecular attraction 
such as van der Waals forces, or water surface tension (i.e., 
wetting the surface before application of the optical target 
100). Preferably, the means for adhesion employed with the 
optical target 100 permits easy removal of the optical target 
100 from the object surface S, leaves little or no residue on the 
object surface S, does not damage or destroy the optical target 
100, and permits optional re-use or re-positioning of the 
optical target 100. 

During use with a machine vision vehicle service system, 
one or more optical targets 100 of the present disclosure are 
positioned in non-determined placement onto the surfaces S 
of an object 10 such as a vehicle wheel assembly to be 
observed, with the releasable adhesive or other attachment 
means, as seen in FIG. 3. The optical targets 100 are posi-
tioned such that the front face 106 and the optical target 
elements 108 are generally visible to the imaging sensors 12 
of the machine vision vehicle service system. For example, as 
shown in FIG. 4, imaging sensors 12 may be disposed in 
proximity to the location of a vehicle's wheels when the 
vehicle is positioned on a vehicle support structure, such as a 
lift. Preferably, the field of view of each imaging sensor, 
which may be fixed or adjustable, is aligned generally per-
pendicular to the object surface S to facilitate viewing of the 
optical targets 100, however, those of ordinary skill in the art 
of machine vision systems will recognized that the imaging 
sensors 12 may be disposed in a variety of positions and 
configurations to acquire images of the optical targets 100 
within associated fields of view. 

Images of the object or wheel assembly surface S, and the 
associated optical targets 100 are acquired by the imaging 
sensors 12, and are processed according to known image 
processing teclmiques to identity images of optical target 
elements 108 present in the associated fields of view. Process-
ing of the images of the identified visible optical target ele-
ments 108, together with data associated with the predeter-
mined configuration of the optical target elements 108 on the 
optical targets 100, provides measurement data associated 
with the position and orientation of the various optical targets 
100 present in the field of view of the imaging sensors 12, and 
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face, a rear surface of said generally planar body, oppo-
site said front surface, adapted for direct adhesion in a 
non-determined placement onto the surface of the 
vehicle wheel assembly; and 

wherein said generally planar body is sufficiently flexible 
to temporarily conform to a contour of the surface of the 
vehicle wheel assembly. 

which corresponds to measurement data associated with the 
surfaces S of the objects 10 such as vehicle wheel assemblies, 
onto which the optical targets 100 are presently positioned. 
Image processing algorithms and techniques for detem1ining 
spatial position and orientation of the optical targets and 
object surfaces are well known to those of ordinary skill in the 
field of machine vision vehicle service systems. For example, 
suitable image processing algorithms and techniques for 
acquiring three-dimensional information from objects or tar-
gets identified in the field of view of an imaging sensor 12 can 
be found in U.S. Pat. No. 7,444,752 B2 to Stieff et al., in U.S. 
Pat. No. 7,336,350 to Dorrance et al., and in U.S. Pat. No. 
6,894,771 Bl to Dorrance et al., each of which is herein 
incorporated by reference. Additional teclmiques for process-
ing acquired images of optical targets can be found in U.S. 
Pat. No. 6,064,750 to January et al. and in U.S. Pat. No. 
5,724,128 to January, both of which are incorporated by ref-
erence. 

2. The optical target of claim 1 wherein said planar body 
further includes a means for adhesion disposed on said rear 

10 surface. 
3. The optical target of claim 2 wherein said means for 

adhesion consists of a releasable contact adhesive. 
4. The optical target of claim 2 wherein said means for 

15 adhesion is integral with said planar body. 
5. The optical target of claim 4 wherein said means for 

adhesion is adapted to secure said body to said object surface 
by electrostatic means. 

Upon completion of a vehicle service procedure, the opti-
cal targets 100 are removed from the object surfaces and are 
either stored for future use, or are discarded and replaced if 
they are damaged, dirty, or lack remaining suitable adhesive 
characteristics. 

6. The optical target of claim 4 wherein said means for 
20 adhesion is adapted secure said body to said object surface by 

intermolecular van der Waals forces. 
7. The optical target of claim 1 wherein said generally 

planar body is defined by a sheet of material selected from a 
set of materials including vinyl, paper, plastic, and cardboard. 

8. The optical target of claim 1 wherein said set of optical 
target elements are printed onto said front surface by a print-
ing system, said printing system selected from a set of print-
ing systems including a laser printer, an in]\jet printer, and a 
thermal transfer printer. 

9. The optical target of claim 1 wherein said body is of a 
consumable manufacture. 

TI1ose of ordinary skill in the art will recognize that the 
particular configuration and shape of the optical target 100, as 25 
well as the arrangement of the optical target elements 108 on 
the front face 106 is not limited to the configuration shown in 
the Figures, and that any suitable shape and arrangement 
having identifiable features required for measurement of the 
intended characteristics of an object's surface may be uti- 30 
lized. For example, the number and shape of the optical target 
elements 108 may be varied from circles to triangles, and 
from an arcuate pattern to a linear pattern without departing 
from the scope of the present disclosure. 

10. The optical target of claim 1 wherein said non-deter-
mined placement on the surface of the vehicle wheel assem-
bly is between an axis of rotation of the vehicle wheel assem-

35 bly and an outer rim lip of the vehicle wheel assembly. It will further be recognized by those of ordinary skill in the 
11. A method for using an optical target with a machine 

vision vehicle service system having at least one imaging 
sensor for acquiring images of a surface of a vehicle wheel 
assembly consisting of a tire mounted to a vehicle wheel rim, 

art that the optical targets 100 need not be manufactured in a 
controlled high-precision fashion, but rather, may be printed 
on-demand onto a suitable body material 102 such as pre-cut 
self-adhesive stickers or labels supported on a sheet of release 
paper, using commonly available printing systems such as a 
laser printer, themial printer, or an ink-jet printer, controlled 

40 within a field of view, comprising: 

by suitable software applications. Hence, a vehicle service 
shop could print a set of consumable optical targets 100 onto 
suitable medium at the start of each work day, utilize the 
optical targets 100 during the work day, and discard them at 45 

the end of the work day for replacement the next work day. 
The software applications controlling the printing system 
may be configured to produce optical targets 100 of varying 
sizes and/or shapes, having varying configurations of optical 
target elements, depending upon the particular application for 50 
which the optical target 100 is to be utilized. It will further be 
recognized that the software applications for controlling the 
printing of the optical targets may reside in sub-programs or 
subroutines incorporated into a vehicle service system, such 
as a wheel alignment system. 

As various changes could be made in the above construc-
tions without departing from the scope of the disclosure, it is 
intended that all matter contained in the above description or 
shown in the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 

TI1e invention claimed is: 
1. An optical target for temporary application to a surface 

of a vehicle wheel assembly within a field of view of an 
imaging sensor of a machine vision vehicle service system, 
comprising: 

a generally planar body having a set of two-dimensional 
optical target elements disposed on an visible front sur-

55 

60 

65 

providing at least one optical target, said optical target 
having a generally planar flexible body with a plurality 
of visible optical elements on a front face of said gener-
ally planar flexible body and a means for adhesion to a 
surface of the vehicle wheel assembly on a rear face of 
said generally planar flexible body; 

disposing said at least one optical target in a non-deter-
mined placement on the vehicle wheel assembly surface, 
said at least one optical target conforming to a contour of 
said vehicle wheel assembly surface at the placement 
position; 

acquiring, though said at least one imaging sensor, at least 
one image of the field of view including said visible 
optical elements; 

processing said acquired image to identify said visible 
optical elements and to determine measurement data 
associated therewith; and 

upon completion of image acquisition, removing said opti-
cal target from said surface of the vehicle wheel assem-
bly. 

12. The method of claim 11 wherein said step of disposing 
further includes temporarily confonning said generally pla-
nar flexible body to a contour of said vehicle wheel assembly 
surface. 

13. The method of claim 11 further including the step of 
storing said optical target following removal from said sur-
face of the vehicle wheel assembly. 
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14. The method of elaim 11 further ineluding the step of 
discarding said optical target following removal from said 
surface of the vehiele wheel assembly. 

15. The method of elaim 11 further ineluding the step of 
deaning the surface of the object prior to disposing said 
reusable optical target directly onto the surface of the vehiele 
wheel assembly. 

16. The method of elaim 11 further ineluding the step of 
printing, on demand, at least one reusable optical target to be 
disposed onto the surface of the object, said printing carried 10 
out under control of a software program by a printing system 
selected from a set of printing systems ineluding a laser 
printer, an inkjet printer, and a thermal transfer printer. 

17. The method of elaim 11 wherein said step of disposing 
ineludes disposing said at least one optical target on the 15 
vehiele wheel assembly surface between a wheel rim and an 
axial center point of the wheel rim. 

* * * * * 

8 


