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(57) ABSTRACT 

A system and method for simultaneously obtaining a plu 
rality of images of an object or pattern from a plurality of 
different viewpoints is provided. In an exemplary embodi 
ment, proper image contrast is obtained by replacing the 

light sources of earlier systems With equivalent light sensi 
tive devices and replacing the cameras of earlier systems 
With equivalent light sources. With such a system, bright 
?eld images and dark-?eld images may be simultaneously 
obtained. In one aspect of the invention, a light source is 
positioned to illuminate at least a portion of an object. A 
plurality of light guides having input ends are positioned to 
simultaneously receive light re?ected from the object and 
transmit the received light to a plurality of photodetectors. 
The light guides are arranged such that their respective input 
ends are spaced substantially equally along at least a portion 
of a surface of an imaginary hemisphere surrounding the 
object. The signals generated by the photodetectors (as a 
result of light detection) are processed and a plurality of 
images of the object are formed. Another aspect of the 
invention provides a method for generating composite 
images from simultaneously obtained images. Equivalent 
regions of each image (corresponding to geographically 
identical subpictures) are compared. The subpicture having 
the highest entropy is selected and stored. This process 
continues until all subpictures have been considered. A neW 
composite picture is generated by pasting together the 
selected subpictures. In another aspect of the invention, the 
vector of relative light values gathered for each pixel or 
region of an object illuminated or scanned (i.e., one value for 
each photodetector) is used to determine re?ectance prop 
erties of points or regions illuminated on the object or 
pattern. The re?ectance properties may be stored in a matrix 
and the matrix used to read, for example, a Bar Code of a 
data matrix symbol. 
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Fig. 1A 
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Fig. 7B 
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Fig. 8 
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METHOD AND SYSTEM FOR IMAGING AN 
OBJECT OR PATTERN 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a system and 
method for imaging objects or patterns. More particularly, 
the present invention is directed to a system and method for 
simultaneously obtaining a plurality of images of an object 
or pattern from a plurality of different vieWpoints. 

COPYRIGHT NOTICE 

[0002] Aportion of the disclosure of this patent document 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile 
reproduction by anyone of the patent document or patent 
disclosure as it appears in the Patent and Trademark Of?ce, 
patent ?le or records, but otherWise reserves all copyright 
rights Whatsoever. 

BACKGROUND OF THE INVENTION 

[0003] Machine vision systems are commonly used in 
industry for high speed inspections. In particular, these 
systems are used to obtain digital images of objects in order 
to determine, With a computer, Whether the object is of 
“acceptable” quality With respect to predetermined speci? 
cations. For eXample, a system may inspect a semiconductor 
chip package to determine Whether each of the leads of the 
package have the proper dimensions. A system may also 
inspect for coplanarity of solder balls on ball grid arrays. 

[0004] Patterns such as bar codes and data codes are also 
imaged by such systems. Images of these patterns are 
analyZed by a computer and in order to “read” the informa 
tion represented by these codes. 

[0005] In a machine vision system, an object (or pattern) 
is typically imaged by illuminating the object With light 
sources and capturing the light re?ected from the object With 
a video camera (i.e., a photodetector). A digital image is 
formed from the image received by the camera and the 
digital data is analyZed by a computer in order to determine 
characteristics of the object or pattern. 

[0006] Obtaining a proper contrast betWeen the object or 
pattern and the background is critical to obtaining an image 
of suf?cient clarity for accurate analysis by a computer. In 
current practice, an engineer or knoWledgeable user obtains 
the proper contrast by varying the positions of the light 
sources With respect to the object or pattern being vieWed 
and With respect to the video camera recording the scene. 
Additionally, the intensity and possibly the polariZation and 
color of the light sources are varied. To achieve the desired 
contrast, the illumination is often manipulated to make the 
background either dark With respect to the object features or 
pattern (dark-?eld illumination) or bright With respect to the 
object features or pattern (bright-?eld illumination). Obtain 
ing the proper illumination is particularly dif?cult When 
Working With specular (mirror-like) surfaces, especially 
When the specular surfaces are curved or multifaceted. 

[0007] One technique for illuminating an object for imag 
ing purposes is described in US. Pat. No. 5,461,417 issued 
to White et al. (the “White ’417” patent), eXpressly incor 
porated herein by reference. The White ’417 patent discloses 
a system for providing a continuous, uniform, diffuse light 
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ing environment. This system is satisfactory for certain types 
of applications. Another technique for illumination is 
described in US. Pat. No. 5,187,611 issued to White et al., 
eXpressly incorporated herein by reference. In this patent, a 
Diffuse On-Axis Light (DOAL) is described Which is also 
bene?cial in certain applications. HoWever, good contrast 
sometimes requires edges to be highlighted Which is best 
obtained from collimated unidirectional light, not uniformly 
diffuse light. 

[0008] For certain objects, it may be advantageous to 
sequentially illuminate an object from a number of different 
vieWpoints and take a picture of the object for each illumi 
nation. The pictures can then be combined into a single 
image. Such a system is described in US. Pat. No. 5,060,065 
issued to Wasserman, expressly incorporated herein by 
reference. It may be desirable, for eXample, to image an 
object using a bright-?eld illumination method and subse 
quently image the same object using a dark-?eld illumina 
tion method. The bright-?eld and dark-?eld images can then 
be individually analyZed or can be ?rst combined, and then 
analyZed. 
[0009] Unfortunately, the sequential illumination method 
increases capture time since a separate picture is required for 
each illumination—each video picture typically requires 1/30 
second. Thus, if lights at three different locations from the 
object are utiliZed, three pictures Would be required. 

[0010] Furthermore, the combined image tends to look 
smeared if there is any relative motion betWeen the object 
and the camera. For eXample, vibration may cause the object 
to move slightly. Since an image of the object before the 
motion and after the motion Will not exactly coincide, the 
combined image Will appear smeared. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a system and 
method for simultaneously obtaining a plurality of images of 
an object or pattern from a plurality of different vieWpoints. 
In an eXemplary embodiment of the invention, proper image 
contrast is obtained by replacing the light sources of earlier 
systems With equivalent light sensitive devices and replacing 
the cameras of earlier systems With equivalent light sources. 
With such a system, bright-?eld images and dark-?eld 
images may be simultaneously obtained. 

[0012] In one aspect of the invention, a light source is 
positioned to illuminate at least a portion of an object. A 
plurality of light guides having input ends are positioned to 
simultaneously receive light re?ected from the object and 
transmit the received light to a plurality of photodetectors. 
The light guides are arranged such that their respective input 
ends are spaced substantially equally along at least a portion 
of a surface of an imaginary hemisphere surrounding the 
object. The signals generated by the photodetectors (as a 
result of light detection) are processed and a plurality of 
images of the object are formed. 

[0013] Another aspect of the invention provides a method 
for generating composite images from simultaneously 
obtained images. Equivalent regions of each image (corre 
sponding to geographically identical subpictures) are com 
pared. The subpicture having the highest entropy is selected 
and stored. This process continues until all subpictures have 
been considered. A neW composite picture is generated by 
pasting together the selected subpictures. 
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[0014] In another aspect of the invention, the vector of 
relative light values gathered for each pixel or region of an 
object illuminated or scanned (i.e., one value for each 
photodetector) is used to determine re?ectance properties of 
points or regions illuminated on the object or pattern. The 
re?ectance properties may be stored in a matrix and the 
matrix used to read, for example, a Bar Code. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and other features of the present 
invention Will be more readily apparent from the folloWing 
detailed description of exemplary embodiments taken in 
conjunction With the attached draWings Wherein: 

[0016] FIG. 1A is a diagram of a bright-?eld illumination 
system; 

[0017] FIG. 1B is an illustration of an image obtained 
using the bright-?eld method of illumination; 

[0018] FIG. 2A is a diagram of a dark-?eld illumination 
system; 

[0019] FIG. 2B is an illustration of an image obtained 
using the dark-?eld method of illumination; 

[0020] 
[0021] FIG. 4A is a diagram of an exemplary system 
illustrating the principles of the present invention; 

FIG. 3 illustrates a sequential illumination system; 

[0022] FIG. 4B is a diagram of an exemplary photode 
tector arrangement; 

[0023] FIG. 4C is a diagram of a sequential illumination 
system for reading characters; 

[0024] FIG. 4D is a diagram of an exemplary system in 
accordance With the principles of the present invention 
corresponding to FIG. 4C; 

[0025] FIG. 5 illustrates the principles of the present 
invention in further detail; 

[0026] FIG. 6 illustrates the scanner and photodiode 
arrangement of FIG. 5 in further detail; 

[0027] FIG. 7A is a ?oWchart of an illustrative process for 
patching an image; 

[0028] FIG. 7B is a ?oWchart illustrating composite gra 
dient image generation; 

[0029] FIG. 8 illustrates a scanner illuminating a point on 
a surface; 

[0030] FIG. 9 illustrates a matrix representing re?ectance 
properties of a 2-D Bar Code; 

[0031] 
surface; 
[0032] FIG. 10B illustrates re?ecting properties of a dif 
fuse surface; 

[0033] FIG. 10C illustrates re?ecting properties of a mir 
ror (specular) surface; 

[0034] FIG. 11 is a diagram of an exemplary embodiment 
of pre-processing hardWare; and 

[0035] FIG. 12 is a diagram of an enhancement to FIG. 
11. 

FIG. 10A illustrates re?ecting properties of a shiny 
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DETAILED DESCRIPTION 

[0036] Bright-?eld Illumination: Referring noW to the 
draWings, and initially FIG. 1A, there is illustrated a simple 
bright-?eld illumination system 100. A video camera 110 
having a lens 115 is positioned to image a shiny plate 120 
having a diffuse (Lambertian) gray circle 125 painted on it. 
The re?ecting properties of shiny, diffuse, and mirror 
(specular) surfaces are shoWn in FIGS. 10A, 10B, and 10C 
respectively. The shiny plate 120 is orthogonal to the vieW 
ing axis of the camera 110. TWo light sources (“upper light 
sources”) 130 and 135, positioned equi-distantly from the 
shiny plate 120 and in close proximity to the camera lens 
115, illuminate the shiny plate 120 and gray circle 125. The 
shiny plate 120 re?ects light directly back to the camera 110. 
The circle 125, since it is diffuse, scatters the light 150. FIG. 
1B illustrates the bright-?eld image formed by the camera 
110. As shoWn, the image of the circle 125B appears dark 
relative to the bright background 120B. If the shiny plate is 
replaced With a true mirror, beam splitter 160 and lamp 170 
Would be required to direct the light parallel to the camera 
axis to obtain true bright-?eld illumination. 

[0037] Dark-?eld Illumination: FIG. 2A illustrates a dark 
?eld illumination system. In this system, a camera 210, lens 
215, and shiny plate 220 With a gray circle 225 are posi 
tioned in the same manner as in FIG. 1A. Here, hoWever, 
light sources (“loWer light sources”) 260 and 265 are each 
positioned off to the side (With respect to the camera 210 
?eld of vieW) and close to the shiny plate 220. The light 
sources 260 and 265 are also positioned approximately 
equi-distantly from the shiny plate 220. Light shrouds 275 
prevent light from passing directly from lamps 260 and 265 
to lens 215. Light emanating from the light sources 260 and 
265 is re?ected as light 270 by the shiny plate 220 in a 
direction aWay from the camera lens 215. Light impinging 
on the gray circle 225 is scattered. As illustrated, at least 
some light (280) of the light impinging on the gray circle 
225 is re?ected toWard the camera lens 215. FIG. 2B 
illustrates the dark-?eld image captured by the camera 210. 
Here, the image of the circle 225B appears bright relative to 
the dark background 220B. 

[0038] Combined System: In both the bright-?eld illumi 
nation system and the dark-?eld illumination system, if the 
shiny surface (in FIGS. 1A and 2A) is not perfectly ?at, 
other bright and dark regions may appear in the image 
background. For example, the surface may re?ect in such a 
Way to create both real and virtual images, each of Which is 
imaged by the video camera. Thus, it may be desirable to 
illuminate an object from tWo or more different angles (With 
respect to the object). Accordingly, as illustrated in FIG. 3, 
a single system may include upper light sources 330 and 335 
(corresponding to light sources 130 and 135 of FIG. 1A) and 
loWer light sources 360 and 365 (corresponding to light 
sources 260 and 265 of FIG. 2A). Each set of light sources 
(i.e., upper light sources 330 and 335, and loWer light 
sources 360 and 365) may be independently used to illumi 
nate the object (here, shiny plate 320 With gray circle 325), 
With an image being captured by the video camera 310 for 
each. The most “useful” portions of the bright-?eld image 
and the dark-?eld image captured can be analyZed indepen 
dently or can be combined to provide a single image of the 
object. 
[0039] Points on some surfaces have complex re?ectance 
properties that are combinations of those shoWn in FIGS. 
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10A, 10B, and 10C. Also, there may be surface regions 
vieWed by the system of FIG. 3 that are curved or tilted With 
respect to the horizontal, Which may spoil the bright-?eld or 
dark-?eld vieWs. Therefore, the system of FIG. 3 may not 
satisfy a Wide range of conditions that include unusual 
re?ectance characteristics, or curved, or multi-sloped sur 
faces. 

[0040] As noted above, this sequential illumination 
method increases capture time since a picture, e.g., a video 
frame, is required for each illumination. Furthermore, the 
combined image Will appear smeared if there is any relative 
movement betWeen the camera and the object. 

[0041] Exemplary Embodiment: The present invention 
solves many imaging problems by simultaneously obtaining 
a plurality of images of the object. Speci?cally, the present 
invention provides the proper “contrast” by replacing the 
light sources of earlier systems With equivalent “cameras” 
and the cameras of the earlier systems With equivalent light 
sources. With such a system, a Wide choice of illumination 
vieWpoints may be obtained to obtain bright-?eld or dark 
?eld images regardless of the exact local surface properties 
or orientation of the object or pattern being vieWed. 

[0042] An exemplary system implementing the principles 
of the present invention is illustrated in FIG. 4A. A scanner 
410 is positioned to illuminate a shiny plate 420 having a 
diffuse gray circle 425 painted on it. The scanner 410, Which 
has a light beam that may be, for example, continuous or AC 
or pulse modulated, generates a raster scanned light spot that 
scans across the object but emanates from the location 
previously occupied by the camera lens 315 of FIG. 3. The 
light spot may be “White” or a single color as is generated, 
for example, by a light emitting diode (LED). Alternatively, 
the light spot may be a single Wavelength as may be 
generated by a laser. 

[0043] As illustrated in FIG. 4A, the light sources of FIG. 
3, i.e., 330, 335, 360, and 365, are replaced With photode 
tectors 430, 435, 460, and 465 such as, for example, pho 
todiode pickups. Because the light spot is scanned in a raster 
pattern, each of the photodetectors 430, 435, 460, and 465 
generates a “video” signal that is synchroniZed With all other 
photodetectors 430, 435, 460, and 465. That is, at each 
instant of time, the signal generated at each photodetector 
430, 435, 460, and 465 is as a result of the illumination of 
the same “pixel” (light spot on a small region of the object). 
HoWever, the signals generated at each photodetector 430, 
435, 460, and 465 vary in amplitude according to the 
re?ectance properties and orientation of the area being 
illuminated With respect to the relative position of the 
scanner 410 and the photodetector 430, 435, 460, and 465. 

[0044] Due to the reversibility of light rays, a region of the 
object (i.e., the shiny plate 420) that Would appear bright to 
the camera 310 of FIG. 3 When illuminated by a particular 
light source, Will generate a strong signal When illuminated 
With a light source (i.e., scanner 410) at the position of the 
original camera, but sensed by a photodetector at the loca 
tion of the original light source. Similarly, a region that 
appeared to be dim to the camera 310 of FIG. 3 When 
illuminated by a particular light source Will generate a Weak 
signal When illuminated With a light source (scanner 310) at 
the position of the original camera 310 of FIG. 3, but sensed 
by a light sensor at the location of the original light source. 
Thus, When the background of the shiny plate 420 is 
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illuminated by the scanner 410, photodetectors 430 and 435 
generate a relatively strong signal While photodetectors 460 
and 465 generate a relatively Weak signal. Furthermore, 
When the gray diffuse circle 425 is illuminated by the 
scanner 410, photodetectors 430 and 435 generate a rela 
tively Weak signal While photodetectors 460 and 465 gen 
erate relatively strong signals. Accordingly, photodetectors 
430 and 435 capture bright-?eld images of the shiny plate 
420 While photodetector 460 and 465 capture dark-?eld 
images of the shiny plate 420. 

[0045] Applying the principles of the present invention, 
many equivalent “illumination vieWpoints” can be simulta 
neously captured by strategically positioning simple light 
pickups such as, for example, photodiodes at vieWpoints 
surrounding the object to be vieWed. 

[0046] Accordingly, bright-?eld images and dark-?eld 
images from different vieWpoints can simultaneously be 
captured. In accordance With the principles of the present 
invention, the light sensitive devices of the illustrated 
embodiments may employ lenses, ?ber optics, light guides, 
or simple photodetectors. The photodetectors may be pho 
tomultipliers or semiconductor photodiodes such as, for 
example, avalanche photodiodes, or phototransistors. 

[0047] Furthermore, multiple photodetectors can be 
arranged at a particular vieWpoint to replace or correspond 
to different types of light sources. Referring to FIG. 4B, an 
exemplary photodetector arrangement is illustrated, gener 
ally corresponding to an array of lensed LEDs used in many 
machine vision applications. Each lens 410B of a lenslet 
array 420B focuses light onto a corresponding photodiode 
430B of a photodiode array 440B. The output signal from 
each photodiode 430B is applied to a summing ampli?er 
450B. The output signal from the summing ampli?er 450B 
may then be sampled. In another embodiment, the output 
signal from each individual photodiode 450B may be indi 
vidually sampled. The arrangement of FIG. 4B is particu 
larly suitable for vieWing certain specular surfaces Which are 
normally best vieWed With distributed light sources. As an 
alternative, a single ?ber bundle or light guide may be used 
to gather the light from each lenslet at its focal point and the 
light from all of the bundles or light guides may be summed 
at a single photodetector. 

[0048] In applying the principles of the present invention, 
a major bene?t is that commercially available machine 
vision system optics or ?ber optics may be utiliZed. For 
example, Fiber-Lite®, manufactured by Dolan-Jenner 
Industries, is an illumination system that couples a light 
input through a ?ber optic assembly to form a line of light 
(MV-INDlSOLA), an area of light (MV-INDlSOABL), a 
point of light (MV-INDlSOFO), or a ring of light (MV 
INDlSORL). Any of these assemblies can be used to create 
a correspondingly shaped “equivalent” to the light source by 
replacing the light normally used as input to the ?ber optic 
assembly With a photodetector apparatus that provides the 
desired output signals. 

[0049] Application of the Principles of the Present Inven 
tion: 

[0050] When imaging characters (e.g., serial numbers) 
that are positioned on a semiconductor Wafer, prior art 
systems typically require that light sources be located at a 
particular critical location according to the re?ectance prop 




















