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(57) ABSTRACT 

An optical system and method for data reading. The pre 
ferred system is directed to a scanner Which includes a laser 
diode and a beam splitter for generating ?rst optical beam 
and a second optical beam, the ?rst optical beam being 
directed toWard one side of a scanning optical element such 
as a rotating polygon mirror and to a ?rst mirror array, the 
second optical beam is being simultaneously directed toWard 
a second optical element such as another side of the rotating 
polygon mirror and then to a second and a third mirror array. 
The ?rst mirror array is con?gured to generate a scan pattern 
through a vertical WindoW and the second and third mirror 
arrays are con?gured to generate scan patterns passing 
through a horizontal WindoW. In combination, the three 
mirror arrays generate three sets of scan lines so as to scan 
the bottom and all lateral sides of an object being passed 
through the scan volume. 
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MULTIPLE PLANE SCANNING SYSTEM FOR 
DATA READING APPLICATIONS 

RELATED APPLICATION DATA 

[0001] This application is a continuation of application 
Ser. No. 11/341,071 ?led Jan. 27, 2006, Which is a continu 
ation of application Ser. No. 10/858,909 ?led Jun. 1, 2004, 
now US. Pat. No. 6,991,169, Which is a continuation of 
application Ser. No. 10/431,070, ?led May 6, 2003, now 
US. Pat. No. 6,974,084, Which is a continuation of appli 
cation Ser. No. 09/078,196, ?led May 13, 1998, now US. 
Pat. No. 6,568,598, Which is a divisional of application Ser. 
No. 08/806,194, ?led Feb. 26, 1997, now US. Pat. No. 
5,837,988, Which is a divisional of application Ser. No. 
08/554,819, ?led Nov. 7, 1995, now US. Pat. No. 5,705, 
802, Which is a divisional of application Ser. No. 08/ 155, 
112, ?led Nov. 19, 1993, now US. Pat. No. 5,475,207, 
Which is a continuation-in-part of application Ser. No. 
07/913,580, ?led Jul. 14, 1992, noW abandoned. 

BACKGROUND 

[0002] The ?eld of the present invention relates to optical 
scanning systems and particularly to a scanning system 
capable of successfully reading objects aligned in a variety 
of orientations. The invention is especially suitable for use 
as a ?xed scanner such as that employed at a supermarket 
checkout counter reading bar codes such as those found on 
consumer products. 

[0003] For e?‘ective and accurate performance, a bar code 
scanner depends upon focused optics and scanning geom 
etry. Fixed scanners frequently employ a rotating polygon 
mirror Which directs a scanning beam toWard a mirror array 
for generating a desired scan pattern. One type of ?xed bar 
code scanner positions a scan engine in a base With a scan 
WindoW oriented in a horizontal plane. One such scanning 
system is disclosed in US. Pat. No. 5,073,702, in Which a 
scanning beam is re?ected oif a mirror array Which has a 
plurality of mirrors arranged in a generally semicircular 
pattern. The scanning beam re?ecting oif each of the mirrors 
has vertically upWard component thereby passing through 
the WindoW/aper‘ture. Objects to be scanned are passed over 
the WindoW With the bar codes oriented in a generally 
doWnWard direction. 

[0004] In another scanner orientation, the scan engine is 
housed in a vertical toWer With the scan WindoW oriented in 
a vertical plane. In such a vertical scanner, generally all the 
outgoing scan beams come out sideWards also have an 
upWard vertical component. Objects to be scanned are 
passed in front of the WindoW With the bar codes oriented in 
a generally sideWard direction. 

[0005] In order to produce a successful scan, an object 
must be oriented With its bar code passed in front of the scan 
WindoW at an angle Which is not so oblique as to prevent a 
scan line from striking or “seeing” the bar code. Therefore, 
to achieve a successful scan, the user must position the 
object With the bar code placed su?iciently close to the 
desired orientation. The range of suitable plane orientation 
of the object bearing the bar code is limited by the size of the 
WindoW and the angle over Which the mirror array can direct 
a scan pattern. Present vertical scanners can scan bar codes 

oriented on certain lateral sides (i.e., side facing) Which face 
the vertical WindoW, but experience dif?culties in scanning 
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faces oriented in a horizontal plane (i.e., facing up or doWn) 
or lateral sides opposite the WindoW. Horizontal scanners 
(i.e., upWard facing) are fairly adept at scanning the bottom 
side but are frequently limited as to Which lateral sides may 
be scanned. The present inventors have recognized that it 
Would be desirable to increase the range of plane orientation 
readable by a scanning system Which Would minimize 
required bar code label orientation, support belt to belt 
(automatic) scanning, and otherWise provide for improved 
scanning ergonomics. 

SUMMARY 

[0006] The present invention relates to an optical system 
and method for data reading. A ?rst preferred system is 
directed to a scanner Which includes means for generating a 
?rst optical beam and a second optical beam, the ?rst optical 
beam being directed toWard one side of a ?rst scanning 
optical element such as a rotating polygon mirror and to a 
?rst mirror array, the second optical beam being directed 
toWard a second scanning optical element such as another 
side of the rotating polygon mirror and then to a second 
mirror array. The ?rst mirror array is con?gured to generate 
a scan pattern having an apparent source from one orthogo 
nal direction and the second mirror array is con?gured to 
generate a scan pattern having an apparent source from 
another orthogonal direction. A second preferred system is 
directed to a scanner having a housing With a generally 
vertical WindoW in an upper housing section and a generally 
horizontal WindoW in a loWer housing section The scanner 
includes a light source generating a light beam and a beam 
splitter dividing the light beam into a ?rst optical beam and 
a second optical beam. The ?rst optical beam is directed 
toWard one side of a scanning optical element, then to a ?rst 
mirror array located in the upper housing section adjacent 
the vertical WindoW, and then out the vertical WindoW. The 
second optical beam is directed toWard another side of the 
scanning optical element With a ?rst portion of the second 
optical beam being directed to a second mirror array located 
in a ?rst side of the loWer housing section adjacent the upper 
housing portion and then through the horizontal WindoW and 
With a second portion of the second optical beam being 
directed to a third mirror array located in a second side of the 
loWer housing opposite the ?rst side thereof. In a preferred 
embodiment, return signals detected from both the ?rst and 
second optical beams are processed by a single micropro 
cessor to alloW for uni?ed signal processing. 

[0007] Additional aspects and advantages of this invention 
Will be apparent from the folloWing detailed description of 
preferred embodiments, Which proceeds With reference to 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a front perspective vieW of a vertical 
multiplane scanner according to the present invention; 

[0009] FIG. 2 is a partially diagrammatic right side eleva 
tion vieW of the scanner of FIG. 1; 

[0010] FIG. 3 partially diagrammatic top plan vieW of the 
scanner of FIG. 1; 

[0011] FIG. 4 partially diagrammatic front side elevation 
vieW of the scanner of FIG. 1; 

[0012] FIG. 5 is a diagrammatic top plan vieW of the scan 
pattern along a horizontal plane generated from the upper 
mirror array of the scanner of FIG. 1; 
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[0013] FIG. 6 is a diagrammatic front side elevation vieW 
of the scan pattern along a vertical plane generated from the 
loWer mirror array of the scanner of FIG. 1; 

[0014] FIG. 7 is a schematic diagram illustrating a pre 
ferred polygon mirror scanning and collecting con?guration; 

[0015] FIG. 8 is a schematic diagram illustrating an 
alternate polygon mirror light scanning and collecting con 
?guration; 
[0016] FIG. 9 is a schematic diagram illustrating another 
alternate polygon mirror scanning and collecting con?gu 
ration; 
[0017] FIG. 10 is a detailed vieW of the shutter of FIG. 9 
taken along line 10-10; 

[0018] FIG. 11 is a schematic diagram illustrating another 
alternate polygon mirror scanning and collecting con?gu 
ration; 
[0019] FIG. 12 is a schematic diagram illustrating another 
alternate polygon mirror scanning and collecting con?gu 
ration; 
[0020] FIG. 13 is a schematic diagram illustrating another 
alternate polygon mirror scanning and collecting con?gu 
ration; 
[0021] FIG. 14 is a schematic diagram illustrating an 
alternate light scanning and collecting con?guration using 
an pair of movable mirrors; 

[0022] FIG. 15 is a schematic diagram illustrating a 
holographic disk light scanning and collecting con?gura 
tion; 

[0023] FIG. 16 is a schematic diagram illustrating an 
alternate holographic disk light scanning and collecting 
con?guration; 

[0024] FIG. 17 is a schematic diagram illustrating a dual 
holographic disk light scanning and collecting con?gura 
tion; 

[0025] FIG. 18 is a ?oW chart of a preferred light scanning 
and collecting processing scheme; 

[0026] FIG. 19 is a ?oW chart of an alternate light 
scanning and collecting processing scheme; 

[0027] FIG. 20 is a front perspective vieW of a combina 
tion vertical and horiZontal scanner; 

[0028] FIG. 21 is a top right side perspective vieW of an 
alternate multiplane scanner according to the present inven 
tion; 

[0029] FIG. 22 is a simpli?ed schematic of the optics of 
the scanner of FIG. 21; 

[0030] FIG. 23 is a diagrammatic side vieW of the internal 
optics of the scanner of FIG. 21; 

[0031] FIG. 24 is a side elevation vieW of the internal 
optics of the scanner of FIG. 21; 

[0032] FIG. 25 is a top right side perspective vieW of the 
scanner of FIG. 21 in partial cutaWay; 

[0033] FIG. 26 is a diagrammatic vieW of the scan pattern 
along a vertical plane generated from the upper mirror array 
of the scanner of FIG. 21; 
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[0034] FIG. 27 is a diagrammatic vieW of the scan pattern 
along a vertical plane generated from the loWer mirror array 
of the scanner of FIG. 21; 

[0035] FIG. 28 is a diagrammatic vieW of the scan pattern 
along a horiZontal plane generated from the loWer mirror 
array of the scanner of FIG. 21; and 

[0036] FIG. 29 is a ?oW chart of preferred light scanning 
and collecting processing schemes for the scanner of FIG. 
21. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0037] The preferred embodiments Will noW be described 
With reference to the draWings. FIG. 1 is a schematic 
diagram of a preferred vertical scanner 10 having a housing 
12 With a loWer housing portion 14 and an upper housing 
portion 16. 

[0038] The scanner 10 generates a scan volume generally 
designated 5 by scanning beams projected outWardly 
through loWer and upper WindoWs 20 and 25. In order to 
facilitate referral to relative directions, orthogonal coordi 
nates (X, Y, Z) are designated in FIG. 1. The X coordinate 
is de?ned as a sideWays direction, perpendicular to or 
horiZontally outWard from the loWer WindoW 20 of the 
scanner housing 12; the Y coordinate is de?ned as a verti 
cally upWard direction; and the Z coordinate is de?ned as 
another horiZontal direction parallel to the loWer WindoW 20. 

[0039] FIGS. 2-4 illustrate the internal scanning beam 
generation and collection con?guration of the scanner 10. 
The scanner 10 has tWo WindoWs namely a loWer WindoW 20 
and an upper WindoW 25 arranged at an oblique or inclined 
angle to one another. The scanner 10 may alternately have a 
single vertical or inclined WindoW, but the dual WindoW 
con?guration provides physical information to the user 
regarding the direction of the scanning beams, namely that 
one scanning beam pattern is generally emanating from the 
upper WindoW 25 and one scanning beam pattern is gener 
ally emanating from the loWer WindoW 20. 

[0040] The scan engine of scanner 10 has a central rotating 
polygon mirror 30 driven by a motor 40. In the loWer 
housing portion 14, a light source 76 generates a beam of 
light and directs it toWard mirror 74. The light source 76 may 
be a laser, laser diode, or any other suitable source. The 
mirror 74 focuses and re?ects light toWard the polygon 
mirror 30 Which has four mirror facets 31, 32, 33, 34. As the 
polygon mirror 30 rotates, the outgoing beam is directed 
across the loWer mirror array 80 and then re?ected out 
through the loWer WindoW 20 to achieve a desired scan 
pattern. Light re?ecting off the target returns via the same 
path and is collected by a collection mirror 72 and focused 
onto a detector 79. The polygon mirror 30 is preferably 
molded in a single piece out of emanating, but could be 
constructed out of acrylic or other optical materials includ 
ing other plastics, metals or glass by one skilled in the art. 
The outer surface of each mirror facet may be advanta 
geously coated With a suitable high re?ective coating, the 
coating chosen Would depend upon the optical material of 
the polygon mirror 30. For example, a emanating or acrylic 
facet may have a metallic coating such as aluminum or gold, 
While a metal or glass facet may be preferably coated With 
a single or multi-layered dielectric such as silicon dioxide 
(SiO2) or titanium dioxide. 
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[0041] The outgoing beam mirror 74 and the incoming 
collection mirror 72 are also preferably an integral unit of 
one-piece construction forming a mirror unit 70. Both mirror 
elements are optically powered, the smaller outgoing mirror 
74 being parabolic and the larger collection mirror 72 being 
ellipsoidal. 

[0042] Simultaneously (or intermittently if desired) to the 
operation of the loWer scan generation, an upper light source 
56 generates a beam of light and directs it toWard mirror 54. 
The light source 56 may be a laser, laser diode, or any other 
suitable source. The mirror 54 focuses and re?ects light 
toWard the polygon mirror 30. As the polygon mirror 30 
rotates, the outgoing beam is directed across the upper 
mirror array 60 and then re?ected out through the upper 
WindoW 25 to achieve a desired scan pattern. Light scattered 
off the target returns the same path and is collected by a 
collection mirror 52, re?ecting olf fold mirror 58 and 
focused onto a detector 59. The outgoing beam mirror 54 
and the incoming collection mirror 52 are preferably an 
integral unit of one-piece construction forming a mirror unit 
50. Both mirror elements are optically poWered, the smaller 
outgoing mirror 54 being parabolic and the larger collection 
mirror 52 being ellipsoidal. 

[0043] Outgoing light beam from the upper source 56 
re?ects off one side of the polygon mirror 30 While simul 
taneously the light beam from the loWer source 76 re?ects 
off an opposite side of the polygon mirror 30. The upper 
mirror array 60 cooperates With the rotating polygon mirror 
30 to generate the scan pattern 90 shoWn in FIG. 5. FIG. 5 
is a diagrammatic top plan vieW of a scan pattern 90 of 
intersecting scan lines 92 as shoWn in a horizontal X-Z plane 
at the base of the scanner 10. 

[0044] The loWer mirror array 80 cooperates With the 
rotating polygon mirror 30 to generate the scan pattern 95 
shoWn in FIG. 6. FIG. 6 is a diagrammatic front elevation 
vieW of a scan pattern 95 of intersecting scan lines 97 as 
shoWn in a vertical Y-Z plane located at a distance of 6.0 in. 
(15.24 cm) from the scanner 10. From the above description 
and the scan patterns disclosed, one skilled in the art may 
construct a suitable polygon mirror 30 and mirror arrays 60, 
80 to achieve the desired scan patterns. 

[0045] As shoWn in FIGS. 2-4, the mirror arrays 60, 80 
comprise a plurality of pattern mirrors arranged generally in 
What may be described as a semi-circular or oval pattern. 
The pattern mirrors may be con?gured to produce a multi 
tude of desired scan patterns. The scanner 10 projects 
scanning sWeeps along tWo generally orthogonal directions, 
one scanning sWeep emanating generally doWnWardly and 
sideWardly from the upper inclined WindoW 25 and one 
scanning sWeep emanating generally sideWardly and 
upWardly from the vertical loWer WindoW 20. It is the 
cooperation of these tWo scanning sWeeps emanating from 
different scanning directions Which result in enhanced scan 
ning range. The mirror arrays 60, 80 may be designed to 
produce a desired scan pattern for a particular application. 

[0046] The upper WindoW 25 is arranged at an oblique 
angle 0 to the vertical loWer WindoW 20 of about 150°. The 
loWer WindoW 20 and upper WindoW 25 are preferably 
constructed from glass, plastic or other suitable material. In 
an application Where it is anticipated objects may strike the 
WindoW, it may be coated With a suitable scratch resistant 
coating or even constructed of sapphire. The loWer and 
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upper WindoWs may constitute ?rst and second WindoW 
elements or may simply be apertures through Which the 
scanning beams pass. The ?rst WindoW element is de?ned to 
be oriented in a ?rst aperture plane and the second WindoW 
element is de?ned to be oriented in a second aperture plane, 
the ?rst aperture plane being oriented at an angle 0 to the 
second aperture plane. Preferably the angle 0 is greater than 
90° and someWhat less than 180°, With a preferred angle of 
1 50°. 

[0047] Though in actuality the scan patterns generated by 
each mirror array 60, 80 are truly three dimensional, the 
scanning sWeep generated by each of the mirror arrays may 
be generally described as a scan plane, the plane being 
de?ned by a median of scan lines emanating from the 
respective mirror array, positioning the plane in a coplanar 
orientation With the semicircle of the mirror array. By 
positioning the mirror arrays 60, 80 on opposite sides of the 
polygon mirror 30, the scan planes emanating from the 
mirror arrays intersect in the scan volume, the volume 
through Which the objects to be scanned are passed. In an 
application of a vertically oriented scanner in a market 
checkout stand, the angle of the intersecting scan planes is 
preferably betWeen about 30° and 90° With a preferred angle 
of about 60°. 

[0048] Though the preferred scanning system is described 
as a ?xed scanner With objects bearing a symbol such as a 
bar code being passed through the scan volume, alternately 
the scanner and the scan volume may be moved past a 
stationary object. Such a con?guration may be desirable for 
inventory management or large object scanning applications 
for example. In either the ?xed or moving scanner case, the 
object is being passed through the scan volume. 

[0049] Altemately, the scanner WindoW (if a single Win 
doW is employed) or the scanner WindoWs 20, 25 may 
comprise holographic elements to provide additional scan 
pattern directional control. As described above, FIGS. 2-4 
illustrate a preferred beam generation and collection con 
?guration. That con?guration is also diagrammatically illus 
trated in FIG. 7. Light source 56 generates a beam of light 
onto a small aiming mirror 54 Which focuses and re?ects the 
light toWard one side of the rotating polygon mirror 30 
Which scans the beam across the upper mirror array. Light 
returning from the target is collected by the collection mirror 
52 and directed toWard the detector 59. At the same time, the 
loWer light generation and collecting system generates a 
light beam from light source 76 onto an aiming mirror 74 
Which focuses and re?ects the light toWard the opposite side 
of the rotating polygon mirror 30 Which scans the beam 
across the loWer mirror array. Light returning from the target 
is collected by the collection mirror 72 and directed toWard 
the detector 79. 

[0050] The con?guration may also include additional 
components depending upon the application. For example, 
an optical element 58, 78 such as an aperture, ?lter or grating 
may be positioned in the outgoing light path to block out 
undesirable incoming light rays or provide some other 
desired function. 

[0051] FIG. 7 illustrates only one preferred beam genera 
tion and collection con?guration, but other con?gurations 
may be implemented. By Way of example, certain alternate 
con?gurations are set forth in FIGS. 8-17 and Will noW be 
described. 




























