
CONTINUOUS DIFFUSE ILLUMINATION METHOD AND APPARATUS           Description
The invention pertains to a method and apparatus        forpermitting
electronic machine vision of light reflecting        objects wherein a true
observation of the surface being        viewed is obtained by masking
potential reflections re-        sulting along the observation axis due to
observation        windows and cameras, or other non-illuminating discon-
tinuities in the illumination environment.            Electronic machine
vision apparatus is commonly       employed in conjunction with automatic
machining, as-       sembly and inspection apparatus, particularly of the
ro-       botic type. Television cameras are commonly employed       to
observe the object being machined, assembled, or       inspected, and the
signal received and transmitted by       the camera can be compared to a
standard signal or       database to determine if the observed article is
properly       machined, oriented, or assembled. Also, machine vision
apparatus is widely used in inspection and flaw detec-       tion
applications whereby inconsistencies and imperfec-       tion in both hard
and soft goods can be rapidly ascer-       tained and adjustments or
rejections instantaneously ef-       fected.           Machine vision
apparatus detects abnormalities by       comparing the signal generated by
the camera with a       predetermined signal indicating proper dimensions,
ap-       pearance, orientation, or the like. In order to achieve
consistent and accurate results when using machine vi-       sion apparatus
employing electronic cameras, it is very       important that consistent
and uniform lighting of the ob-       served object occur, as the lighting
will seriously affect    the vision signal generated and produce irregular
sig-       nals even though no fault may exist in the object being
observed other than it is not uniformly illuminated.           Illumination
problems in machine vision applica-       tions are particularly present
when the object being ob- 



served has a shiny specular surface. For instance, in       the inspection
of soldered circuits such as used with                              even
surface geometry of the solder makes it very diffi-                   cult
to obtain an accurate electronic signal, and the same is true when machine
vision inspecting ball bear-                   ings, reflective packaging,
and other objects having                   shiny surfaces, particularly
irregular shiny surfaces.                       When utilizing machine
vision techniques and ap-                  paratus in shiny surface
applications, it is common to                  employ complicated lighting
systems for illuminating the                  object being observed, and it
is a purpose of such light-                  ing systems to eliminate
shadows, highlights, under-                  lights, reflections and other
lighting characteristics                  caused by shiny convex surface
objects. Examples of                  complex lighting systems for use with
machine vision                  apparatus are shown in U.S. Patents
4,677,473;                  4,882,498; 5,051,825; 5,060,065 and 5,072,127.
While                  devices shown in these patents are capable of
generat-                  ing improved lighting characteristics, such
devices do                  not eliminate erroneous signals resulting from
the reflec-                  tion of windows, openings or orifices defined
in the light-                  ing apparatus necessary to permit
observation of the ar-                  ticle being viewed, and such
apparatus does not elimi-                  nate erroneous signals generated
due to the reflection                  of cameras, openings or voids from
specular objects.                      It is an object of the invention to
provide a method                 and apparatus for illuminating an object
to be observed                 by machine vision cameras wherein a diffused
illumina-                 tion of the object is produced which is
continuous in na-                 ture and is free of dark or void portions
capable of gen-                 erating erroneous vision signals.
Another object of the invention is to provide a meth-                 od
and apparatus for illuminating specular objects to be
observed by electronic machine vision cameras, film
cameras, or human observers. wherein the object is uni-
formly illuminated by a primary, off-observation axis 



source of diffused light emitting from an envelope sub-
stantially surrounding the object, having an observation
window or viewing orifice to permit vision access along                 an
observation axis that is masked against reflection by                 the
object.                     Another object of the invention is to provide a
meth-                 od and apparatus for illuminating specular objects to
be                                   -3-  observed by electronic machine
vision cameras wherein  the object is illuminated by a diffused light
emitting from  an off-observation axis diffuse light source of a shape  and
size sufficient to provide substantially uniform illu-  mination of the
object to be observed and an on-obser-  vation axis diffuse light source
projected through an ob-  servation window in the off-observation axis
diffuse light  source to permit machine vision along an observation  axis
while masking the observation windowagainst pos-  sible reflection from the
observed object surface.      Yet another object of the invention is to
provide a  method and apparatus for illuminating machine vision  observed
specular objects with a uniform diffused light  wherein the observation
window is masked against pos-  sible reflection from the observed object
surface by the  introduction of a diffused light through the window along
the observation axis of an intensity and character sub-  stantially equal
to the intensity and character of the pri-  mary diffused light
illuminating the object.      An additional object of the invention is to
provide a  method and apparatus for masking vision observation  windows
against possible reflection in the surface of ob-  served articles by
projecting a light through the window  substantially identical in character
to the primary light  illuminating the object.      Still another object of
the invention is to provide a  method and apparatus for illuminating a
machine vision  illuminated object having a light reflecting surface
wherein a beam splitter is employed to project a diffused  light through a
camera observation window along the  camera observation axis of an
intensity and character  corresponding to the primary diffused light
illuminating 



the observed object.      Yet a further object of the invention is to
minimize the depth of the on-observation axis light source assem- bly by
utilizing a curved beamsplitter.     These objects are achieved by an
apparatus and a method as set out in the claims.     The practice of the
concepts of the invention are pri- marily utilized in machine vision
applications with ob- jects having specular surfaces, including surfaces of
convex configurations and surfaces containing numer- ous convex and concave
texture elements such as                                    -4-  those
found in materials such as embossed metal foil  and the like. However, it
will be appreciated that the in-  ventive concepts disclosed herein are
applicable to film  camera and microscope-aided human inspection sys-  tems
as well.       The object to be machine vision observed, such as  the
solder of a printed circuit, a ball bearing, or the like,  is illuminated
from a given side and given direction by a  primary off-observation axis
light diffusing source. One  form that this primary off-observation axis
light diffusing  source may take is the form of a translucent dome su-
perimposed over the object which is formed of a trans-  lucent material and
is backlighted by lamps,or the dome  may include an inner light diffusing
surface or layer, and  an outer light reflecting layer whereby light
interiorly pro-  jected into the dome is diffused and uniformly illumi-
nates the object over which the dome is superimposed.  Another form that
the primary off-observation axis light  diffusing source may take is the
form of a ring-shaped  diffuse light source. In fact, the primary
off-observation  axis light diffusing source may take the form of any suit-
able shape and size to correspond to the shape and size  of any given
object to be observed so that the entire ob-  ject to be observed, or any
specific region of said object  is substantially uniformly illuminated.
In either embodiment, an observation window or windows, which may be in the
form of one or more cam- 



era openings or orifices,or other zones of material that appears
transparent to a machine vision camera, must be defined in the primary
diffuse light source whereby the camera, which is located outside the
confines of the primary diffuse light source, may have vision access to the
object that is located within the primary light source. The line of sight
from the camera through the observa- tion window to the object constitutes
an observation ax- is. To prevent the observation window or windows, and
the cameras, from reflecting from the surface of the ob- ject being
observed, and hence creating a false or erro- neous signal indicating a
fault, a diffused light projector utilizing a flat or curved beam splitter
is associated with each observation window to project a secondary, on-ob-
servation axis diffused light through the observation win- dow and upon the
observed object that is of an intensity         and character substantially
equal to the diffused light be- ing cast upon the object by the primary
diffuse light source, and in this manner the observation window(s), and
camera(s) associated therewith, are masked against reflection in the
surface of the object being ob- served by the camera or cameras.
Accordingly, by masking the observation window, false signals or reflec-
tions from the observed object are prevented and a true camera signal is
received capable of accurately inter- preting the condition of the observed
object free of mis- signals due to reflections of the lighting or observing
ap- paratus.      Preferably, the diffused light projector is in the form
of a beam splitter including a partially silvered mirror or a half silvered
membrane pellicle of nitrocellulose or plastic film such as "MYLAR", which
has advantageous beam splitting characteristics in certain applications, a
light generator, and a light diffusing panel wherein dif- fused light
passing through the diffusing panel is reflect- ed by the partially
silvered mirror or membrane through the observation window along the
observation axis. As the mirror is light pervious. the camera continues to
ob- serve the object through the beam splitter mirror and ac- 



curately records the surface conditions of the observed object.     In the
practice of the invention, a beam splitter sim- ilar to those shown in my
co-pending application Serial No. 07/750.257 filed August 27, 1991, now
U.S. Patent No. 5,187,611 maybe employed. The beam splitter light generator
may take several forms as shown in the afore- mentioned patent such as
incandescent bulbs, diodes, fiber optics, or the like, and in the practice
of the inven- tion control means permit accurate control and variation of
the diffused light being generated and reflected by the beam splitter in
order to equate the beam splitter pro- jected light to that supplied by the
primary diffused light source.     As will be appreciated from the
following descrip- tion, the apparatus permitting the practice of the
inven- tion is relatively simple and inexpensive as compared with prior art
devices incapable of providing a true con- tinuous diffused light as
provided by the invention.     The aforementioned objects and advantages of
the                                                            REPLACEMENT
SHEET  invention will be appreciated from the following descrip- tion and
accompanying drawings wherein:   FIGS. 1, 3, and 5 depict traditional
illumination ge-   ometries used in conjunction with machine vision
systems, namely Co-Axial Illumination, Off-Axis Dif-   fuse Dome
Illumination, and Ring Illumination re-   spectively,   FIGS. 2, 4, and 6
depict Incident Angle Brightness   Histograms. which are graphs plotting
incident illu-   mination level as a function of angle of incidence,
associated with the lighting geometries depicted in   FIGS. 1, 3, and 5
respectively,   FIGS. 7 and 9 depict two embodiments of Continu-   ous
Diffuse Illumination geometries contemplated   by the applicants'
invention,   FIGS. 8 and 10 depict the Incident Angle Brightness
Histograms associated with the lighting geometries   depicted in FIGS. 7
and 9 respectively, 



FIGS. 7A and 9A depict two illumination geometries   that approach the
objectives of the applicants' in-   vention with simple devices that
utilize a single light   source,   FIGS. 8A and 10A depict the Incident
Angle Bright-   ness Histograms associated with the lighting ge-   ometries
depicted in FIGS. 7A and 9A respectively,   FIG. 11 is a schematic
elevational view of the basic   apparatus and relationships thereof
permitting the   practice of the invention with a back lighted trans-
lucent dome diffused light primary source,   FIG. 12 is an enlarged detail
view of the beam split-   ter and television camera used in the practice of
the   invention, the beam splitter being shown in this sec-   tion,
FIG.12A is an enlarged detail of a curved beam   splitter used in the
practice of the invention, the   beam splitter being shown in this section.
FIG. 13 is a schematic illustration of apparatus prac-   ticing the
principles of the invention wherein the dif-   fused light illumination
dome employs an inner light   diffusing surface and an outer light
reflecting sur-   face, and a plurality of cameras and observation or-
ifices are employed,
REPLACEMENT SHEET                       -7- FIG. 14 is a diametrical
elevational sectional view of another embodiment of a dome envelope having
an inner light diffusing surface wherein a ring is mounted at the lower end
of the dome and a plurality of lamps are mounted on the ring, the ring
including a reflecting surface for reflecting light upwardly into the
envelope upon the inner dome diffuse reflecting surface, FIG. 15 is a plan
view of the embodiment of FIG. 4 astaken from the top of FIG. 4, the neck
of the dome being shown in section, FIG. 16is a plan sectional viewtaken
along Section 16 -16 of FIG. 14, FIG. 17 is a schematic elevational view of
another 



embodiment of the apparatus and relationships thereof permitting the
practice of the invention with a back lighted translucent ring-shaped
diffused pri- mary light source, FIG. 18 is a schematic illustration of an
apparatus practicing the principles of the invention wherein the diffused
ring illuminator employs an outer light re- flecting surface, FIG. 19 is an
end view of an off-axis ring illuminator geometry particularly suited for
viewing circular shaped objects or areas, FIG. 20 is an end view of an
off-axis ring illuminator geometry particularly suited for imaging square
ob- jects or areas, FIG. 21 is an end view of an off-axis ring illuminator
geometry particularly suited for imaging rectangular shaped objects or
areas, FIG. 22 is a schematic elevational view of a simple embodiment of an
apparatus and the relationships thereof permitting the practice of the
invention with a back lighted translucent cone diffused primary light
source and an angled beam splitter located in line with the observation
axis, and FIG. 23 is a schematic elevational view of yet an- other simple
embodiment of tne apparatus and re- lationships thereof permitting the
practice of the in- vention utilizing a back lighted translucent tube-
shaped diffused primary light source and angled beam splitter located in
line with the observation ax- is.                                 -8-
Turning now to the details of the figures, FIGS. 1-6  depict various
illumination geometries that have been  traditionally used in machine
vision systems along with  their associated incident angle brightness
histograms.  For example, in FIG. 1, a co-axial illumination system 1  is
employed to illuminate object 2 as it is viewed by elec-  tronic machine
vision camera 3. As can be seen from  the incident angle brightness
histogram shown in FIG.  2, this co-axial illumination system provides a
diffuse il- 



lumination zone 4 with a desirable incident illumination  level that
coincides with a zero angle of incidence off of  the observation axis but
is substantially devoid of any  illumination as the angle of incidence
deviates from ze-  ro.      Figure 3 depicts an off-illumination-axis
diffuse  dome lighting system 5 illuminating an object 2 to be  observed by
electronic machine vision camera 3  through an observation window 6, which
can be an  opening or orifice or even a zone of material that ap-  pears
transparent to a machine vision camera, such as  clear plastic or the like.
This illumination system creates  the uniform diffuse illumination zone 4
shown in FIG. 4.  While the incident illumination level is substantially
uni-  form as the angle of incidence of the light increases  away from a
zero angle of incidence off of the observa-  tion axis, the on-observation
axis region 7, which has  an angle of incidence approaching zero degrees
off-ax-  is, is substantially devoid of any illumination.      The ring
illumination system and its corresponding  incident angle brightness
histogram, as depicted in  FIGS. 5 and 6 respectively, provides a uniform
diffuse  illumination zone 4 with a substantially uniform incident
illumination level that corresponds to substantially the  same shape as the
ring illuminator 8 being employed.     FIGS. 7, 7A, 8, 8A, 9, 9A, 10 and
10A show four embodiments of illumination systems and methods con-
templated by the present invention and their respective incident angle
brightness histograms. First, FIG. 7 shows a dome-shaped continuous diffuse
illumination system that is comprised of a combination of the co-axial
illumination system 1 of FIG. 1 and the off-illumination- axis diffuse dome
lighting system 5 of FIG. 3. The com-                                 -9-
bination of these two illumination systems results in a lighting
environment with the incident angle brightness histogram shown in FIG. 8.
This environment is charac- terized by a diffuse illumination zone 4 with a
substan- tially uniform incident illumination level irrespective of the
angle of incidence. 



FIG. 7A shows a simple, cone-shaped diffuse illu- mination system that
approximates the results obtained using the embodiment of FIG. 7. This
embodimentis comprises an off-illumination-axis diffuse conical light- ing
system similar to the dome-shaped lighting system 5 of FIG. 3. This
embodiment replaces the secondary diffuse light source with a simple beam
splitter that is angularly located in the observation window. This beam
splitter arrangement thus operates to reflect a portion of the diffuse
light projected through the cone from the off- observation-axis diffuse
light source, while at the same time allowing vision access to the object
being observed by an observation means that is located outside of the
cone-shaped diffuse illumination system. This embodi- ment results in a
lighting environment with the incident angle brightness histogram shown in
FIG. 8A. This en- vironment is characterized by a diffuse illumination zone
4 with a brightness level reduced in proportion to the transmissivity of
the beam splitter employed. The zone of reduced brightness 4' corresponds
to the angles of incidence associated with the beam splitter. For exam-
ple, a beam spltter with a reflectance-to-transmissivity ratio of 50:50
results in a lighting environment charac- terized by a histogram showing a
50 percent brightness level associated with those angles corresponding to
the angles of incidence associated with the beam splitter. Likewise, if a
beam splitter with a 70:30 reflectance-to- transmissivity ration is
employed, a lighting environment is created that exhibits a 70 percent
brightness level cor- responding to the angles of incidence associated with
the beam splitter.     FIG. 9 depicts another embodiment of the invention
wherein the co-axial illumination system I of FIG. 1 is combined with the
ring illumination system 8 of FIG. 5 in order to create a continuous
diffuse ring illumination system. The lighting environment created by this
system is shown by the incident angle brightness histogram
-10 -  shown in FIG. 10, wherein a substantially uniform inci-  dent
illumination level is produced over a specific region 



whose shape and size is dependent upon the shape and  size of the ring
illumination system.      FIG. 9A shows a simple, cylindrical diffuse
illumina-  tion system that approximates the results obtained us-  ing the
embodiment of FIG. 9. This embodiment com-  prises an off-illumination-axis
diffuse lighting cylinder. In  this embodiment, the secondary diffuse light
source is  replaced with a simple beam splitter that is angularly lo-
cated in the observation window that is formed by a top  opening in the
cylinder. This beam splitter arrangement  thus operates to reflect a
portion of the diffuse light pro-  jected through the off-observation-axis
diffuse lighting  cylinder, while at the same time allowing vision access
to the object being observed by an observation means  that is located
outside of the diffuse lighting cylinder.  This embodiment results in a
lighting environment with  the incident angle brightness histogram shown in
FIG.  1 OA. This environment is characterized by a diffuse illu-  mination
zone 4 similar to that of FIG. 10. However, this  lighting environment
exhibits a diffuse illumination zone  4 with a brightness level reduced in
proportion to the  transmissivity of the beam solitter emoloved much like
the lighting environment created by the embodiment of  FIG. 7A. the zone of
reduced brightness 4' correspond-  ing to the angles of incidence
associated with the beam  splitter.     A simplified schematic arrangement
of components illustrating one embodiment of the inventive concepts is
shown in FIG. 11, wherein the object to be viewed by a machine vision
television camera is indicated at 10. The object 10, which normally, in the
practice of the inven- tion, would include a shiny or specular surface,
such as the soldered surfaces of a printed circuit board, or a spherical
ball bearing, reflective packaging surface, or the like, and often is of an
irregular or non-flat configu- ration, is viewed by a camera indicated at
12. The view- ing of the object 10 by the camera 12 occurs along the
observation axis A as indicated in FIG. 11. Usually, the purpose of viewing
the object 10 by the camera 12 is for the purpose of inspecting the object
10 for flaws; how- ever, the observation may be for any desired reason,



such as for purposes of machining orientation or assem- bly prior to
subsequent machining operations, or read- ing printed, inscribed or
chemical or laser etched art- work. The concepts of the invention are
particularly suit- able for flaw detection in that a truly uniform lighting
of the object 10 is achieved wherein significant variations in light
reflected from the object will result only from l0 calized surface slopes
greater than half the incident il- lumination angle,'such as are commonly
associated with surface imperfections, and not undesired reflec- tions from
normal deviations in surface geometry that are not associated with defect
conditions.     In accord with the concepts of the invention, a light
projector 14 is incorporated between the object 10 and the camera 12 within
the observation axis A, and a sub- stantially uniform primary illumination
of the object 10 is achieved by a translucent back light hemispherical dome
or envelope 16 located over the object 10 as will be appreciated from FIG.
11. The translucent dome 16 may be formed of clouded or treated glass, or
may be synthetic plastic or the like whereby light passing there- through
is uniformly diffused. The dome includes an in- ner surface 18 disposed
toward the object 10 and an observation window or opening 20 is formed in
the dome 16 to accommodate the observation axis A. The dome 16 is
illuminated from the rear by a plurality of lamps 22 casting light upon the
outer surface of the dome 16 and this light is diffused and emits from the
inner surface 18 upon the object 10 to uniformly illuminate the object 10
for observation by the camera 12.     If the object 10 includes a shiny,
specular surface, as occurs when viewing solder, ball bearings, reflective
packaging, and the like, the surface of such an object will reflect the
image of the dome observation window or opening 20 through which the camera
viewing occurs along axis A. As no light is emitting from the window 20
with a conventional illuminating dome, the window 20 will appear as a dark
or dead spot in the dome 16 which will be observed by the camera 12. and
the camera will sense the dark reflection of the window 20 as a defect,
unless the camera output is programmed to ignore this window reflection. If
the camera program ignores the window reflection, an imperfection on the
object 10 co- inciding with the observation axis A will not be sensed  



- 12 - by the camera 12 permitting a flawed object to pass in- spection.
To overcome the aforedescribed problems resulting from the reflection of
the window 20, the light projector 14 projects diffused light through the
window 20 upon the object 10 along the observation axis A. In this man-
ner, the window 20 no longer appears as a dark spot upon the inner surface
18 of the dome 16, and as the projected light emitting from the beam
splitter 14 is of an intensity and character substantially equal to the
pri- mary diffused light passing through the dome 16 as gen- erated by the
lamps 22, the dome 16 is free of dark or dead spots and a true uniform
illumination of the object 10 is achieved and defects on the object 10
coinciding with the observation axis A will be detected by the cam- era 12.
In the preferred embodiments, the light projector 14 is a beam splitter and
includes a housing 24 in which a mirror 26 is located. The mirror 26 may be
disposed at an angle with respect to the observation axis A, and the mirror
includes a face 28 disposed toward the camera 12 and a face 30 disposed
toward the object 10. The surfaces 28 and/or 30 are conventionally provided
with silvered strips, or otherwise treated, wherein the mirror 26
constitutes both a reflective surface and a light per- vious surface
wherein light may pass through the mirror 26 from the object 10 for
observation by the camera 12, and the mirror 26 also reflects the diffused
light gener- ated by the beam splitter light source, as later described.
Alternatively, the beam splitter mirror 26 can be formed by a half silvered
membrane pellicle of nitrocellulose or plastic material, such as "MYLAR",
which has advanta- geous beam splitting characteristics in certain applica-
tions. Either material used as the beam splitter mirror 26 may be provided
in a curved configuration having a concave face disposed towards both the
object 10 and the light source 34 and a convex face disposed towards the
the observation means, which may be a machine vision camera, as shown in
FIG. 12A. This configuration provides an increased range of incident angles
for the 



on-observation axis diffused light source while at the same time a reducing
height of the light projector 14.     The light projector 14 includes at
least one translu-                                - 13 -  cent light
diffusion panel 32 formed of treated glass,  plastic, or other light
translucent material capable of  evenly diffusing light cast upon the panel
32 by the light  source 34. The light source 34 may consist of a plurality
of lamps, diodes,or optical fibers, capable of generating  a relatively
uniform panel of light cast upon the diffuser  32, and such diffused light
illuminates the mirror 26 and  is projected in the direction 36 indicated
by the arrows,  which constitutes the observation axis A. It will be ap-
preciated that the light direction 36 is coaxial with and  coincides with
the observation axis A. The size of the  mirror 26 is such that the
diffused light reflected there-  from along arrows 36 is sufficient to
completely occupy  the observation window 20 such that the window 20 will
be "filled" with the diffused light emitting from diffuser  panel 32 and
light source 34. It will be understood that  the light projector 14, light
source 34 and translucent  light diffusion panel 32 may be adjusted in
size, shape  and relative proximity to create continuous uniform illu-
mination across objects of different sizes or at different  working
distances.     The light projector 14 includes a light absorbing panel 38,
and the intensity of the light generated by the light source 34 is
adjustable by the light control rheostat 40 to ensure that the intensity
and the character of the light 36 will be substantially equal to the
primary light diffused by the dome 16 and cast upon the object 10 by the
lamps 22.     The light projector 14 is similar in many respects to that
shown in my U.S. Patent No. 5,187,611, and the beam splitter concepts shown
in this patent are applica- ble in the instant application.     By
regulating the light control 40, the light 36 pro- jected through the
window 20 will equal in intensity and character the other light being cast
upon the object 10, and the use of the inventive concepts completely elimi-



nates false readings which would otherwise be picked up by the camera 12
due to the reflection of the window 20, and the camera therebehind, as
reflected by the sur- face of the object 10. in the practice of the
invention, the window 20 is neutralized and a truly continuous diffused
light source of the object 10 is achieved eliminating false
_            . -~~~14 -  readings by the camera 12 and permitting a true
100%  inspection of that side of the object 10 observable by the  camera
12.      A variation of the inventive concepts is shown in  FIG. 13. In
FIG. 13, three dome observation windows,  cameras and light projectors
permit viewing of the object  from various angles, and the diffused light
source dome  is interiorly lighted to produce a more concise assembly  of
components than that possible with the arrangement  shown in FIG. 11.
In the embodiment of FIG. 13, components similar to those previously
described are indicated by primes, and these components function in a
manner identical to that described above.      In FIG. 13, the illuminating
dome 42 is located above the object 10' to be observed, and the dome 42
includes an inner hemispherical layer 44 of diffuse re- flective paint. The
construction is such that light cast up- on the layer 44 interior of the
dome 42 is diffusely re- flected inwardly upon the object 10', providing a
primary illumination effect similar to that achieved with the em- bodiment
of FIG.,11.     The dome 42 is provided with three observation windows as
indicated at 48, 50 and 52, and opening 50 is associated with a camera 12'
and light projector 14', while opening 52 provides an observation window
for camera 12' and light projector 14", while window48 pro- vides access
for the observation axis A"' of the television camera 12" as associated
with the light projector 14".     The primary light source forthe dome 42
is provided by the lamps 54 located adjacent the object 10' and di- rected
toward the interior of the dome 42 such that the reflective layer 44
receives the light emitting from the 



lamps 54 and the light reflected from the layer 44 is dif- fused by layer
44 for illuminating the object 10' with a uniform diffused light. By
locating the lamps 54 adjacent the object 10' the overall dimensions and
relationship of components is more concise than the illustrated embod-
iment of FIG. 11, and size and configuration advantages exist with the
embodiment of FIG. 13.     The light projectors 14', 14', and 14" of the
embod- iment of FIG. 13 may utilize separate lamp controlling rheostats
40', 40" and 40", respectively, whereby the
- 15 - various light projectors are separately controllable so that any
minute light variations that may occur at the window 48,50 and 52 may be
accommodated. Howev- er, it is also possible to connect the light sources
of the three light projectors in parallel by a circuit 56, as rep- resented
in dotted lines in FIG. 13, controlled by a single rheostat 58     The
concepts of the operation of the embodiment of FIG. 13 are identical to
those described above with respect to FIG. 11. The observation axis of each
of the three cameras is directed toward the object or objects of interest
10' and the dome observation window through which each camera observation
axis extends is filled with diffused light projected from the associated
light projector so as to eliminate any false readings which would otherwise
exist due to the reflection from the surface of the object 10' of the
windows 48 - 52. With conventional illumination domes, the existence of a
plu- rality of cameras to permit viewing of the object from var- ious
angles also resulted in a plurality of reflected dark spots due to the
presence of the observation windows in the dome increasing the likelihood
of false readings, and the possibility of overlooking flaws in the observed
object. In the practice of the invention regardless of the number of
windows formed in the dome a continuous light source for the observed
object is provided and any shadows or dark reflections from the object 10'
will rep- resent flaws, and not reflections from non-uniformities in the
illuminating dome structure itself. 



In FIGS. 14 - 16, another embodiment for illuminat- ing an object with
diffused light utilizing the concepts of the invention is illustrated. In
this embodiment, an en- velope or dome generally indicated at 60 is formed
of either an opaque material or a translucent material hay- ing a lower
bell configuration having an outer surface or layer 61 and an inner surface
or layer 63. The layer 61 is internally silvered, or the like, to function
as a mirror or efficient reflector of light, and the inner surface 63
constitutes a light diffusing layer whereby light within the dome 60 will
be reflected by the layer 61 and diffused by the layer 63. The dome 60
includes a lower annular                                        - 16 -
edge 62, and its upper regions include a cylindrical neck   64 open at
opening 66. An annular aperture 68 is de-   fined within the dome 60 at the
upper region of the bell   portion, and an electronic camera, such as a
television   camera, not shown, is adapted to be located above the   dome
60 having an observation axis coaxial with the ax-   is of the dome 60 as
represented by dotted lines 70. The   observation axis as represented by
lines 70 is in align-   ment with the light reflecting object to be
illuminated and   viewed as shown at 72.       A beam splitting partially
silvered mirror 74 is  mounted within the neck 64 disposed at an angle to
the  observation axis. The mirror 74 may be embedded into  the neck 64 as
at 76, or otherwise attached to the neck.  A plurality of lamps 78, which
may constitute diodes, in-  candescent lamps, or the like, are mounted
exteriorly of  the neck 64 upon a bracket 88, attached to the neck 64  by
pins 84, FIG. 5.      The dome neck 64 is translucent and constitutes a
light diffuser whereby the light entering the neck 64 emit-  ting from
lamps 78 is diffused prior to being reflected  from the mirror 74. Light
passing through the partially  silvered beam splitter 74 passes through the
opening  80 formed in neck 64 which is in opposed relationship  to the
lamps 78, and a light absorbing panel 86 is mount-  ed upon the bracket 82
for absorbing light emitting from  lamps 78 passing through the mirror 74.
Bracket 82 is 



attached to neck64 by the pins 84. Of course, it will be  appreciated that
the light reflecting surface 61 defined  on the bell portion of the dome 60
does not extend to  the exterior surface of the neck 64 as it is necessary
that  light emitting from lamps 78 enter the neck 64 and a por-  tion of
such light is reflected from the mirror 74 down-  wardly along lines 70
upon the viewed object 72.     An annual ring 90 is attached to the lower
end of the dome 60 adjacent the lower edge 62 by a plurality of fasteners
92. The cross sectional configuration of the ring 90 will be appreciated
from FIG. 4, and the ring in- cludes an inwardly radially projecting lip
upon which an annular reflecting surface 94 is formed. The reflecting
surface 94 may be silvered to increase its light reflecting capabilities,
and the surface 94 is obliquely related to the horizontal whereby light
impinging on the surface 94
REPLACEMENT SHEET                         - 17 -  will be reflected
internally into the bell portion of the  dome 60. The ring may also be made
of translucent ma-  terial machined to a thickness causing the light
diffusely  transmitted through the ring to be equal in intensity to  the
light reflected off of the inside of the bell portion of  the dome.      A
plurality of lamps 96 are mounted within the ring 90 evenly spaced about
the circumference of the ring as will be appreciated from FIG.16. The lamps
96 direct- ly illuminate the reflecting surface 94 and the lamp light is
efficiently reflected into the dome 60 for passing through the diffusing
layer 63, reflected from the reflect- ing layer 61 and upon the object 72
wherein the object 72 is prevented from being directly illuminated by the
lamps 96. Accordingly, all of the light illuminating object 72 will be
diffused light as reflected by surface 61 and diffused by layer 63.
Rheostats, or other lamp control means, not shown, may be used to control
the intensity and character of the light emitting from lamps 78, as
described with respect to the above embodiments.     The apparatus of FIGS.
14- 16 functions in a man- ner similar to that described above with respect
to the 



embodiments of FIGS. 11 and 13. The lamps 78 are il- luminated whereby
diffused light will be reflected from beam spittler mirror 74 upon object
72. The electronic television camera, not shown, produces an observation
axis as represented by dotted lines 70 for viewing the object 72. Primary
illumination of the object 72 results from the lamps 96 whose light is
reflected into the bell portion of the dome 60 and the resultant diffused
light illuminates object 72. By controlling the intensity of the lamps 78,
the light entering the bell portion of the dome 60 through the aperture 68
as reflected by the mirror 74 can be adjusted such that the reflected
diffused light is substantially equal in intensity and character to that
re- flected by layer 61 as diffused by layer 63, and hence, the
illumination apparatus of FIGS. 14 - 16, also, illumi- nates any *dark
spot* at the aperture 68 preventing a dark reflection from the light
reflecting object 72 which would be sensed by the camera and produce an
erro- neous and misleading signal as to the character of the surface of the
object 72. The embodiment of FIGS. 14
REPLACEMENT SHEET    - 16 is concise, rugged, and readily lends itself to
many  applications.      Of course, the reflector dome 60 could be
construct-  ed in a manner different than that disclosed above. For
instance, the bell portion of the dome could be formed  of turned or spun
aluminum having an internal light dif-  fusing reflecting surface and the
tubular neck can be  formed of a translucent material and mechanically at-
tached to an aluminum bell portion. Further, the beam  spittler mirror 74
can be formed by a half silvered mem-  brane pellicle of nitrocellulose or
plastic film, such as  "MYLAR", which has advantageous beam splitting char-
acteristics in certain applications.      A further embodiment of the
inventive concept is  shown in FIG. 17. In FIG. 17, the camera 12 and light
projector 14 operate in like manner as those described  earlier for the
other embodiments of the inventive con-  cept previously disclosed.
However, the primary off-ob- 



servation axis diffuse light envelope or dome is replaced  by a primary
off-observation axis ring illuminator 100.  The ring illuminator 100 is
comprised of light source 101  and a diffuser ring 102. The light source
may be a  fiberoptic ring illuminator, an LED array illuminator, or  even a
standard flourescent ring lamp. Similar to the pri-  mary diffuse light
envelopes or domes described above,  the diffuser ring 102 also has an
observation window  103 disposed therein to provide vision access, along an
observation axis to the area 104 being observed by the  camera 12. The
light projector 14 effectively "fills the  hole" in the primary diffuse
light source created by the  observation window 103 with diffused light
that can be  adjusted such that it is substantially equal in intensity  and
character to that provided by the ring illuminator.     Another variation
of the inventive concepts is shown in FIG. 18. In FIG. 18, a diffuse
reflector 110 takes the place of the diffuser ring utilized in the
embodiment shown in FIG. 17 and the diffuse reflector is interiorly lighted
by light source 113 to produce a more concise assembly of components that
is possible with the ar- rangement shown in FIG. 17. In the embodiment of
FIG. 18, components similar to those previously described are indicated by
primes, and these components function in a manner identical to that
described above.                                  - 19 -       In FIG. 18,
the diffuse reflector 110 is located above the area 104' that is to be
observed and the diffuse re- flector 110 includes an inner layer 111 that
is translucent and capable of diffusing light reflected by the diffuse re-
flector outer layer 112, which may be in the form of a mirror. The
construction of the layers 111 and 112 is such that light cast upon the
inner layer 110 of the diffuse re- flector 1 1 0 is reflected from the
outer layer 112 throught the translucent layer 111 which diffuses the light
relected from outer layer 112 such that the light rejected inwardly upon
the area to be observed 104' is uniformly diffused proding a primary
ilumination effect similar to that 



acheived with the embodiment of FIG. 17.      The concepts of the operation
of the embodiment of FIG. 18 are identical to those described with respect
to those previously described. The observation axis of the camera is
directed toward an area to be observed 104', and the ring illuminator
observation window through which the camera observation axis extends is
filled with diffused light projected from a light projector so as to
eliminate any false readings which would oth- erwise exist due to the
reflection from the surface of the area of the observation window 103'.
The ring illuminator used in either of the embodi- ments depicted in FIGS.
17 or 18 has a perimeter shape and size that correlates to the viewing
geometry, the ap- erture size of the viewing optics, and the size of the
area being observed. A variety of ring illuminator geometries are shown in
FIGS. 19-21. For example, the geometry shown in FIG. 19 is particularly
suitable for viewing cir- cular shaped areas. The geometry shown in FIG. 20
is suitedforviewing square shaped areas and the geomet- nc shown in FIG. 21
is preferable for viewing rectangular shaped areas. Each of these
illuminators has an on-ob- servation axis observation window 103 through
which an on-observation axis light source is projected and a primary
off-observation axis illumination area 105.     Two further embodiments of
the inventive concept are shown in FIGS. 22 and 23. Both of these embodi-
ments utilize simple lighting geometries and single off- observation axis
diffuse light sources to approximate the                                  -
20 -                 REPLACEMENT SHEET  lighting environments obtained
using the embodiments  of the invention that require the use of multiple
diffuse  light sources.      In FIG. 22, the viewing of the object 10 by
the cam- era 12 occurs along the observation axis A. A substan- tially
uniform illumimation of the object 10 is achieved by a cone or dome
lighting envelope 120 located over the object 10 as will be appreciated
from FIG. 22. The cone 120 includes an inner layer of diffuse reflective
paint 121. The construction is such that the light cast 



upon the layer 121 interior of the cone 120 is diffusely reflected inwardly
upon the object 10.     Similar to the embodiment shown in FIGS. 14-16, the
cone 120 includes a lower annular edge 122. An an- nular ring 123 is
attached to the lower end of the cone 120 adjacent the lower edge 122 by an
attachment means, which may be a plurality of fasteners or any oth- er
suitable means such as glue or the like. The cross sectional configuration
of the ring 123 will be appreciat- ed from FIG. 22, and the ring includes
an inwardly pro- jecting lip 125 upon which an annular reflecting surface
126 is formed. The inner layer 121 is obliquely related to the horizontal
whereby light impinging on the inner layer 121 will be diffusely reflected
internally into the cone 120. Alternatively, the lip 125 may be constructed
from a translucent material machined to a thickness such that light
diffusely transmitted therethrough is equal in intensity to the light
reflected off the inner layer of the cone.     The light source for the
cone 120 is provided by a plurality of lamps 127 mounted within the ring
123. The lamps 127 are evenly spaced about the circumference of the ring.
The lamps directly illuminate the inner layer 121 of the cone 120 and the
lamp light is efficiently re- flected by the inner layer and upon the
object 10 so as to substantially uniformly illuminate the object for obser-
vation by the camera 12.     The cone includes an angular observation
window or opening 128 formed in the cone 120 by cutting off the top portion
of the cone by a plane at an angle with re- spect to the observation axis A
selected to reflect a por- tion of the light reflected by the inner layer
121 of the cone 120. The angle may be preferably substantially.45 degrees.
A beam splitter mirror 129. similar to the mirror de-  scribed previously
herein, is mounted at the angular ob-  servation window. The mirror 129
includes a face 130  disposed toward the camera 12 and a face 131 disposed 



toward the object 10. The surfaces 130 and/or 131 are  conventionally
provided with silvered strips, or other-  wise treated, wherein the mirror
129 constitutes both a  reflective surface and a light pervious surface
wherein  light may pass through the mirror 129 from the object  10 for
observation by the camera 12, and the mirror 129  also reflects the
diffused light reflected off of the inner  layer 121 of the cone 120. Thus
a substantially uniform  diffuse lighting environment is, created using a
single  light source.      In FIG. 23, a back lighted translucent cylinder
140  takes the place of the cone or dome envelope utilized  in the
embodiment shown in FIG. 22. The translucent  cylinder may be formed of
clouded or treated glass, or  may be synthetic plastic or the like whereby
light passing  therethrough is uniformly diffused. The cylinder includes
an inner surface 141 disposed toward object 10 and an  angular observation
window or opening 142 formed in  the cylinder by cutting off the top
portion of the cylinder  by a plane at an angle with respect to the
observation  axis A selected to reflect a portion of the light diffusely
transmitted through the back lighted cylinder.     The cylinder 140 is
illuminated from the outside by a plurality of lamps 143 casting light upon
the outer sur- face 144 of the cylinder 140. This light is diffused by the
cylinder material and emits from the inner surface 141 upon the object 10
to substantially uniformly illuminate the object 10 for observation by the
camera 12.     It will be appreciated that the inventive concepts permit a
truly continuous source of illumination for ma- chine vision cameras to be
achieved, and the invention permits an accurate viewing and evaluation of
the ob- served object free of error producing shadows or reflec- tions.
It is appreciated that various modifications to the in- ventive concepts
may be apparent to those skilled in the art without departing from the
scope of the invention.                               - 22 -  



Claims  1. A diffused lighting device for evenly illuminating an     object
(10. 72) with diffused light when observed     along an observation axis
extending through an ob-     ject observing location, the diffused lighting
device     being characterized by:         a surface, for supplying
diffused light, defining         an opening (20, 48, 50, 52, 68, 103)
therein         through which the observation axis (A, 70)         passes,
the surface being arranged to supply         primary diffused light from a
suitably positioned         primary light source (22, 54, 96, 101, 113,
127,         143) to provide the diffused even illumination of         the
object (10, 72), when the object is placed         at the observing
location and viewed along the         observation axis, except for a
portion of the ob-         ject (10, 72) effected by the opening;         a
secondary light source (34, 78) for producing         diffused secondary
light to illuminate the por-         tion of the object effected by the
opening; and         a beam splitter (14, 74, 129) being positioned
along the observation axis (A, 70) for directing         diffused secondary
light from the secondary         light source (34, 78) along the
observation axis         (A, 70) to evenly illuminate the portion of the
object (10, 72) effected by the opening to pro-         duce, when the
primary light source illuminates         the surface, the diffused even
illumination of the         object (10, 72) when viewed along the obser-
vation axis (A, 70).  2. The diffused lighting device according to claim 1
characterized by one or more of the following:            a) the surface is
a first light diffuser and the pri-           mary light source (22, 54,
96, 101, 113, 127,           143) cooperates with the first light diffuser
to           evenly illuminate, with the diffused primary           light,
the object (10, 72) except for a portion of           the object (10, 72)
effected by the opening,       



- 23 -          when viewed along the observation axis;          b) a
secondary light diffuser (32) is positioned          between the beam
splitter (14,74, 129) and the          secondary light source (34,78) for
providing the          secondary diffused light to the beam splitter
(14, 74, 129);          c) an attachment mechanism is further provid-
ed for attaching the diffused lighting device to          an observation
device so that the observation          device is positioned to receive
light which is re-          flected from the object along the observation
axis (A, 70) toward the beam splitter (14, 74,          129);          d)
the observation device is one of a machine          vision camera (12), a
film camera and a human          observer;          e) the beam splitter
(14, 74, 129) is one of a          curved beam splitter (26) and a planar
beam          splitter (26, 74,129); and          f) a light absorbing
member (38, 78) is remotely          positioned from the secondary light
source (34,          78) for absorbing non-reftected diffused sec-
ondary light, from the secondary light source          (34, 78), which
passed through the beam split-          ter (14, 74, 129).  3. The diffused
lighting device according to any pre-     ceding claim characterized by one
or more of the     following:          a) a mechanism (40) is further
provided for con-         trolling illumination characteristics of at least
one of the primary light source (22, 54, 96, 101,         113, 127, 143)
and the secondary light source         (34,78) whereby diffused light from
the primary         light source (22, 54, 96, 101, 113, 127, 143) re-
flected by the object (10, 72) toward the beam         splitter (14, 74,
129) will be substantially iden-         tical in intensity and character
to diffused light         from the secoodary light source (34, 78) reflect-
ed by the object (10, 72) toward the beam split-         ter (14, 74, 129)
so that uniform illumination of         the object (10, 72), when viewed
along the ob-   



servation axis, is facilitated; and         b)the primary light source (22,
54, 96, 101, 113,         127, 143) and the secondary light source (34,
78) each include a light source selected from         the group comprising
a lamp, a plurality of di-         odes, an optical fiber. an array of
light emitting         diodes and a fluorescent light.  4. The diffused
lighting device according to any pre-     ceding claim characterized by one
or more of the     following:          a) the light diffuser comprises a
translucent en-         velope (16, 42, 60, 102, 120, 140) at least par-
tially surrounding the object (10, 72), the trans-         lucent envelope
(16, 42,60, 102, 120, 140) has         outer and inner surfaces, and the
primary light         source (22, 54, 96, 101, 113, 127, 143) directly
illuminates the outer surface of the translucent         envelope (16, 42,
60, 102, 120, 140) whereby,         during use, diffused light is emitted
by the inner         surface of the translucent envelope (16, 42, 60,
102, 120, 140) toward the object (10, 72);         b) the light diffuser
comprises an envelope (16,         42, 60, 102, 120, 140) having a surface
con-         taining a reflective substance (44, 121) and the
primary light source (22, 54, 96, 101, 113, 127,         143) is arranged
to illuminate the reflective sub-         stance (44, 121) on the surface
of the envelope         whereby light from the primary light source (22,
54, 96, 101, 113, 127, 143) is reflected by the         reflective
substance toward the object (10, 72);         and         c) the envelope
(16,42, 60, 102, 120, 140) has         an annular edge (62) remote from the
opening         (20, 48, 50, 52, 68, 103), the annular edge (62)
supports an annular impervious shield, and the         primary light source
(22, 54, 96, 101, 113, 127,         143) is disposed peripherally about the
annular         edge (62) with the annular impervious shield lo- 



cated intermediate the primary light source (22,         54.
96.101,113,127, 143) and the object (10,                  72) to prevent
the light generated by the prima-         ry light source (22, 54, 96, 101,
113, 127, 143)         from directly illuminating the object (10, 72).  5.
The diffused lighting device according to claim 1 or     2, characterized
in that the surface or the first light     diffuser defines a plurality of
openings (48, 50, 52)     with an observation axis (A', A", A") extending
through each the opening (48, 50, 52);          a plurality of secondary
light sources (34, 78)         for producing diffused secondary light; and
a plurality of beam splitters (26, 74, 129), with         one of the
plurality of beam splitters (26, 74,         129) being associated with
each one of the plu-         rality of openings (48, 50, 52) for directing
sec-         ondary diffused light from one of the plurality of
secondary light sources (34, 78) along one of         the observation axes
(A', A", A").  6. A method for evenly illuminating an object (10, 72)
with diffused light from a diffused lighting device     when observed along
an observation axis extend-     ing through an object observing location,
the meth-     od being characterized by:          defining an opening (20,
48, 50, 52, 68, 103) in         a surface, for supplying light to an
object,         through which the observation axis (A, 70)         passes;
suitably positioning a primary light source (22,         54, 96, 101, 113,
127, 143) with respect to the         surface to supply primary diffused
light and pro-         vide the diffused even illumination of the object
(10, 72), when the object is placed at the ob-         serving location and
viewed along the observa- 



tion axis, except for a portion of the object (10,         72) effected by
the opening; .         providing a secondary light source (34, 78) to
supply diffused secondary light to illuminate the         portion of the
object effected by the opening;         and         directing the diffused
secondary light, via a         beam splitter (14, 74, 129), from the
secondary                                 light source (34, 78) along the
observation axis                       (A, 70) to evenly illuminate the
portion of the                       object (10, 72) effected by the
opening to pro-                       duce, when the primary light source
illuminates                       the surface, the diffused even
illumination of the                       object (10, 72) when viewed along
the obser-                       vation axis (A. 70).                7. The
method according to claim 6 further character-                   ized by
one or more of the following steps:                        a) using a first
light diffuser as the surface and                       cooperating the
primary light source (22, 54,                       96, 101, 1131127, 143)
with the first light diffus-                       er to evenly illuminate,
with the diffused light,                       the object (10, 72) except
for a portion of the                       object (10, 72) effected by the
opening, when                       viewed along the observation axis;
b) positioning a secondary light diffuser (32) be-
tween the beam splitter (14, 74, 129) and the
secondary light source (34,78) for providing the
diffused secondary light to the beam splitter                       (14,
74, 129);                       c) providing an attachment mechanism for
at-                       taching the diffused lighting device to an obser-
vation device so that the observation device is
positioned to receive light which is reflected                       from
the object along the observation axis (A,                       70) toward
the beam splitter (14, 74, 129); 



d) utilizing one of a machine vision camera (12),                       a
film camera and a human observer as the ob-                       servation
device;                       e) utilizing one of a curved beam splitter
(26)                       and a planar beam splitter (26, 74, 129) as the
beam splitter(14, 26, 74, 129); and                       f) remotely
positioning a light absorbing mem-                       ber (38, 78) from
the secondary light source                       (34, 78) for absorbing
non-reflected diffused                       secondary light which passes
directly through                       the beam splitter (14, 74, 129).
8. The method according to claim 6 or 7 further char-
acterized by one or more of the following steps:   IIIIII fill oit l IIdI
11 IaIte9                                     - 27 -          a)
controlling illumination characteristics of at        least one of the
primary light source (22, 54, 96,        101, 113, 127, 143) and the
secondary light        source (34, 78), via an illumination control
mechanism (40), whereby diffused light from        the primary light source
(22, 54, 96, 101, 113,        127, 143) reflected bytheobject (10,72)
toward        the beam splitter (14, 74, 129) will be substan-
tially identical in intensity and character to dif-        fused light from
the secondary light source (34,        78) reflected by the object (10, 72)
toward the        beam splitter (14, 74, 129) so that uniform dif-
fused illumination of the object (10, 72), when        viewed along the
observation axis, is facilitat-        ed; and        b) utilizing one of a
lamp, a plurality of diodes,        an optical fiber, an array of light
emitting diodes        and a fluorescent light as the primary light
source (22, 54, 96, 101,113, 127, 143) and as        the secondary light
source (34, 78). 



9. The method accordingto claim 6,7 or 8 further char-     acterized by one
or more of the following steps:          a) utilizing a translucent
envelope (16, 42, 60,         102, 120, 140), which at least partially sur-
rounds the object (10, 72), as the light diffuser,         the translucent
envelope (16, 42, 60, 102, 120,         140) having outer and inner
surfaces with the         primary light source (22, 54, 96, 101, 113, 127,
143) directly illuminating the outer surface of         the translucent
envelope (16, 42, 60, 102, 120,         140) thereby to emit diffused light
via the inner         surface of the translucent envelope (16, 42, 60,
102, 120, 140) toward the object (10, 72);         b) utilizing an envelope
(16, 42, 60, 102, 120,         140), having a surface containing a
reflective         substance (44, 121), as the light diffuser and
arranging the primary light source (22, 54, 96,         101, 113, 127, 143)
to illuminate the reflective         substance (44, 121) so that diffused
primary         light is reflected from the primary light source
(22, 54, 96, 101, 113, 127, 143) toward the ob-
- 28 -          ject (10, 72) by the reflective substance; and         c)
utilizing an envelope (16, 42, 60, 102, 120,         140) with an annular
edge (62) remote from the         opening (20, 48, 50, 52, 68, 103), the
annular         edge (62) supporting an annular impervious         shield,
and disposing the primary light source         (22, 54, 96, 101, 113, 127,
143) peripherally         about the annular edge (62) with the annular
impervious shield being located between the         primary light source
(22, 54, 96. 101, 113, 127,         143) and the object (10, 72) to prevent
the light         generated by the primary light source (22, 54,
96, 101, 113, 127, 143) from directly illuminat-         ing the object
(10, 72).  



10. The method according to claim 6 or 7, further char-     acterized by
defining a plurality of openings (48, 50,     52) in the surface or the
first light diffuser with one     observation axis (A', A", A") extending
through     each the opening (48, 50, 52);          providing a plurality
of secondary light sources         (34 78) for producing diffused secondary
light;         and         providing a plurality of beam splitters (26, 74,
129) with one of the plurality of beam splitters         (26, 74, 129)
being associated with each one         of the plurality of openings (48.
50, 52) for di-         recting diffused secondary light from one of the
plurality of secondary light sources (34, 78)         along one of the
observation axes (A', A", Al").    


