1 SCAN HEAD CALI BRATI ON SYSTEM AND METHOD TECHNI CAL FI ELD [ 0001] The present
invention relates to a Scan Head calibration systemand nethod. In
it relates to a system and nethod for vision scanning and | aser .
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BACKGROUND

[0002] Precision positioning of light rays such as visible light beams and/or
laser beams are required in certain industrial applications, such as vision
inspection and laser processing. One example is laser marking for creating
visually perceptible signs at pre-defined locations of a workpiece using a laser
beam. Apart from marking, laser systems can also be used in other applications

such as micro-machining, surface processing, trimming, welding, and cutting, etc.

[0003] In a laser marking, welding or machining process, coordinate data or
parameters of the predetermined locations on a workpiece at which the process is
to be carried out, are programmed into a laser beam positioning controller, with
reference to a coordinate system. Under an ideal situation, the laser beam should
be directed onto the workpiece at locations corresponding to the coordinate data

by which, laser processing can be carried out at the predetermined locations.

[0004] In an actual situation, however, the laser beam is not always
directed to predetermined locations on the workpiece. This may be due to the
system errors and/or installation tolerances of the laser positioning mechanism.
Without taking these errors and/or tolerances into consideration, laser beam may
be directed at undesired positions on the workpiece, which is unacceptable. In a
process which requires even higher positioning accuracy, such as a precision
welding process used for welding a read/write head onto a suspension assembly

in a disk drive device, miss-positioning of the laser beam may result in a complete
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directed to predeterm ned | ocations on the workpiece. This may be due to
the systemerrors and/or installation tolerances of the | aser positioning
mechani sm Wt hout taking these errors and/or tolerances into
consideration, |aser beam may be directed at undesired positions on the
wor kpi ece, which is unacceptable. In a-%[ocess whi ch requires even higher
positioning accuracy, such as a precision welding process used for welding
a read/ wite head onto a suspension assenbly in a disk drive device,
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a |laser processing systemfor positioning a |l aser beamonto a workpi ece. A

calibration n image of the calibration mark is
captured, %Umgﬁe(%ﬁﬂﬁdﬁq’&ﬂghﬁark The position of the guide mark
corresponds to a set of design data or coordinates. The position of the

i mage of t ibration park is adjusted until the inmage matches with the

gui de marKk. [oﬂgéiet of RMRIReRishRIdnS afssegt nyeptansproxidersehitiond fer reeucing

det er m ned. pddigsrRRkhBFs indd IdsERGRIIry &y ét@%?rari&%é‘ﬁbta&m@@%éﬁrﬁdusmﬂn@s@éth ust ed
to match the guide mark, to determne a set of |aser conpensating factors.

The set of \WBEhaMAYEE iliesan ResPanEeRbaseE domvisin dgiecting aisalgRSPECtion
conpensat i %J/@F?‘?é 56 b AGurb ReRfs, ”Be&?'a?‘tt LG hBG! AlcyraRBdinks & 14

position the eam onto the workpi ece
delivery system.

[0007] According to one embodiment, there is provided a method for
reducing a positioning error in a laser processing system for positioning a laser
beam onto a workpiece. A calibration mark is provided, and an image of the
calibration mark is captured, to compare with a guide mark. The position of the
guide mark corresponds to a set of design data or coordinates. The position of
the image of the calibration mark is adjusted until the image matches with the
guide mark. A set of vision compensating factors can therefore be determined.
Thereafter, an image of a laser mark is captured, and adjusted to match the guide
mark, to determine a set of laser compensating factors. The set of design data
can then be modified based on the vision compensating factors and the laser

compensating factors, and used fo position the laser beam onto the workpiece.



3 [0008] According to another enbodi nent, there is provided a nethod for
calibrating a scan vision system A calibration mark is provided, and an
imge of the calibration mark is captured, to conpare with a gui de mark.
The position of the guide mark corresponds to a set of design data or
coordi nates. The position of the inmge %; the calibration mark is adjusted
until the inmage matches with the guide mark. A set of vision conpensating
factors can therefore be deternm ned, and used to nodify the set of design

data to cal jhrate the scan vision system_ [0009] Sol . ution rovi ded by the
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showi ng a |aser marking apparatus accor 0 one e dinment o
present i nverd Usad to modify the get aiidsigradate e palitiratedhageamvisioowiyatgna | aser
mar ki ng apparatus of Fig. 1A, and having a calibration jig placed thereon
for calibration, or a workpiece placed thereon for processing;

[0009] Solutions provided by the present invention can significantly reduce

system errors and increase positional accuracies in scan vision systems and laser
processing systems. Laser processing systems calibrated according to
embodiments of the present invention achieves a high accuracy level to cater the

needs for precision laser processing, such as laser marking and laser welding.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other aspects and advantages of the present invention

will be described in detail with reference to the accompanying drawings, in which:

Fig. 1A is a schematic diagram showing a laser marking apparatus

according to one embodiment of the present invention;

Fig. 1B is a schematic diagram showing a laser marking apparatus of Fig.
1A, and having a calibration jig placed thereon for calibration, or a workpiece
placed thereon for processing;

Fig. 2 is a schematic diagram showing a scan vision system according to

one embodiment of the present invention;

Fig. 3A is a schematic diagram showing a laser calibration system

according to one embodiment of the present invention;



Fig. 2 is a schematic diagram showi ng a scan vision system according to one
- enbodi nent of the present invention; Fig. B3Ais a schematic diagram
showing a | aser calibration systemaccording to one enbodi nent of the
present invention; 4 Fig. 3Bis atop viewof a calibration jig used
for calibrating a | aser systemshown in Fig. 3A Fig. 3Cis a
schematic view of a set of guide marks ‘and an i mage of the calibration jig
of Fig. 3B; Fig. 4 is a schematic diagram shovvi ng a set of guide

mar ks for cali br tlgg a Vvisi.on yst gaccor di n ne enbodi nent of the
present inventiond: 3B s 219y Yewph e caligralion doHiee foilcé Prate A GYHE™ mage of
a set of cabhm.atmq . Bmr ks captured for calibration; Fig. 5Bis a
schemati c di agram showi ng the i mage of Fig. 5A after vision proporti onal
factors are properly calibrated; Fig. 5Cis a schematic diagram
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cal i brat ed,; 6A Iis a schematic diagram show ng e 1 mage of Fig.
5A for hal fC%|t?éﬁ‘qﬁJ&§lengil3a)ratl on;

Fig. 4 is a schematic diagram showing a set of guide marks for calibrating a
vision system according to one embodiment of the present invention;

Fig. 5A is a schematic diagram showing an image of a set of calibration
marks captured for calibration;

Fig. 5B is a schematic diagram showing the image of Fig. 5A after vision
proportional factors are properly calibrated,

Fig. 5C is a schematic diagram showing the image of Fig. 5A after vision
distortion factors are properly calibrated;

Fig. 6A is a schematic diagram showing the image of Fig. 5A for half scan
field calibration;

Fig, 6B is a schematic diagram showing the image of Fig. 5A when
zoomed-in to the half scan field calibration;

Fig. 7A is a schematic diagram showing an image of a laser mark in a full

scan field for laser assembly calibration;

Fig. 7B is a schematic diagram showing an image of Fig. 7A after the laser

assembly is calibrated at the full scan field;

Fig. 8A is a schematic diagram showing an image of a laser mark in a half

scan field for laser assembly calibration; and



Fig, 6B is a schematic diagram show ng the inmage of Fig. 5A when zooned-in
to the half scan field calibration; Fig. 7Ais a schematic diagram
showing an inage of a laser mark in a full scan field for | aser assenbly

calibration;

Fig. 7B is a schematic diagramshow ng an i mage of Fig.

7A after the laser assenbly is calibrated at the full scan field; 5

Fig. 88 is a schematic diagram showi ng an i nage of Fig. 8A after the |aser
assenbly is calibrated at the half scan field. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS [ 0011] For the purpose of illustration, enbodi nments of
the present invention will be described to a systemand a nethod suitable
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1A shows a | aser processing system 100 for processing a
for exanple to mark the vvorggi ece or weld the workpiece,
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assenbly calibration, or a workpi ece placed thereon for processing.

[0011] For the purpose of illustration, embodiments of the present invention
will be described to a system and a method suitable for laser processing at high
positional accuracy, which may be described with respect to the reduction and/or
compensation of system errors for precisely positioning a laser beam onto a

workpiece for laser processing.

[0012] Fig. 1A shows a laser processing system 100 for processing a
workpiece, for example to mark the workpiece or weld the workpiece, according to
one embodiment of the present invention. Fig 1B shows the system of Fig. 1A
and having a calibration jig placed thereon for vision assembly calibration, or a

workpiece placed thereon for processing.

[0013] Fig. 2 shows a scan vision system 102, according to one
embodiment of the present invention. Scan vision system 102 may be used as an
independent system for vision detection, optical inspection and/or precision
measurement. Alternatively, vision system 102 may also be used as a scan vision
assembly or scan vision module integrated in a laser processing system shown in
Fig. 1A. For the purpose of illustration, same reference numerals are used in
Figs. 1A, 1B and 2 for the scan vision assembly of laser processing system 100
and the independent scan vision system 102. However, it should be understood
that scan vision systems other than that shown in Fig. 2 may also be used as a

scan vision assembly or module in laser processing systems.

[0014] As shown in Figs. 1A and1B, laser processing system 100 has a
laser source 110, such as a YAG laser or a CO2 laser, for providing a laser beam

112 with an energy level sufficient to process a workpiece. A first mirror 120

1A and having a calibration jig placed thereon for vision



[0013] Fig. 2 shows a scan vision system 102, according to one enbodi nent of
the present invention. Scan vision system 102 may be used as an i ndependent
system for vision detection, optical inspection and/or precision
nmeasurenent. Alternatively, vision system 102 nay al so be used as a scan
vision assenmbly or scan vision nodule integrated in a | aser processing
system shown in Fig. 1A For the purpos@ of illustration, sane reference
nunerals are used in Figs. 1A 18 and 2 for the scan vision assenbly of

| aser processing system 100 and the independent scan vision system 102.
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respectivel so that | aser beam 112 can reach any position within the

t wo- di nensi | environnent of platform 150. [0015] Laser proceSS| ng system
100 has a vision detector 160, such as a CCD canera, for receiving and
detecting visible Iight beam 212 from pl atform 150, workpi ece 200 and/ or
cal i brati on[00M§] 202. Lvissi precdesieg systers 000 Qaplaawelanb@mqi@r @ onvghras aor
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mirror 130, galvo mirrors 142 and 144 and focusing lens 170 form a scan vision

assembly. Laser source 110, deflection mirror 120 dichroic mirror 130, galvo

mirrors 142 and 144 and focusing lens 170 form a laser assembly.

[0016] Vision detector 160 is positioned with its optical axis 162 in
alighment with a path of laser beam 112 between galvo mirror 142 and second
mirror 130. By this arrangement, visible light 212 from workpiece 200, platform
150 or calibration jig 202 travels along a same path as the laser beam 112,
between second mirror 130 and focusing lens 170. Accordingly, galvo-mirrors
142 and 144 can be set at positions according to coordinate data to direct laser
beam 112 onto the platform 150, workpiece 200 or calibration jig 202 at
corresponding locations, and to decode a coordinate data of visible light beam

212 received by vision detector 160.



alignment with a path of |aser beam 112 between galvo mrror 142 and second
mrror 130. By this arrangenent, visible light 212 from workpi ece 200,

pl atform 150 or calibration jig 202 travels along a sane path as the | aser
beam 112, between second mrror 130 and focusing | ens 170. Accordingly,
galvo-mrrors 142 and 144 can be set at _positions according to coordi nate
data to direct |aser beam 112 onto the'glp‘atform 150, workpi ece 200 or
calibration jig 202 at corresponding |ocations, and to decode a coordinate
data of visible Iight beam 212 receive vi sion detector 160. 7 [0017]A
control ler HO837is COLPpIC@W‘i’l@rs%SQn‘Sh%@‘%é’ seRD Prad d0dt visinn defgcton
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in Fig. can vi sion system according to't ment has a
simlar set vigibledlight heamcdi? hackitonisamsdatdtyr 0.t he | aser processing system
100 shown in Fig. 1A The operation and calibration process of the scan

vi sion assenbly of the |aser processing systemillustrated belowis
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configured for scan vision assenbly calibration according to one enbodlnent

of the pres@ntndeppgafentoiranprsion sysfefmdheuvisian d6ieeiom 168 epeines dahipbearess,

both the | a n I d t.0f ocus
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focus adj usﬂmsarysnamws@naﬁd@m i1#g the | aser focus height above the
platform followed by adjusting the scan vision assenbly to focus on the
sanme plane on the platform Once the focusing is set, the vision detector
l ens is | oclo®d9 o pr fosntdirgnyto athel @eeﬁemll émb@:ﬁmhhn@e.the'l’ Heseraptaessinge
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pl at f or m 150u$tcated belowal i brati on of the vision assenbly.

[0020] Fig. 3A is a schematic diagram of the laser system of Fig. 1
configured for scan vision assembly calibration according to one embodiment of
the present invention. Prior to the whole system calibration process, both the
laser assembly and the scan vision assembly are adjusted to focus the respective
laser/visible-light beam to/from the workpiece. The system focus adjustment is
done by adjusting the laser focus height above the platform, followed by adjusting
the scan vision assembly to focus on the same plane on the platform. Once the
focusing is set, the vision detector lens is locked to prevent any accidental focus
change. Thereafter, the laser assembly and the vision assembly are aligned with
respect to the center point of the scan field. A calibration jig 202 is then placed on
platform 150 for the calibration of the vision assembly.



-8 [0021] The calibration jig 202 has a glass jig nade of optical glass with
preci sion |ithographic patterns and predefined scales on the top surface,
as shown in Fig. 3B. The glass jig is fabricated with calibration marks 204
havi ng a hi gh positional accuracy [0022]As a starting point, the systemis
set in such a way to direct the |aser b%$n1perpendicular to the platform
150and passing through the geonetric center of the focus |lens 170, and that
the focus lens 170 is set with its main plane parallel to the platform 150.

[ 0023] A set _of design coordinate data is then sent to scan head 140, to set
the gal vo nl492dts 140 hejgalibstionnjig 298 hassatqlasssiia made oheptical digfsciith t he

vi si on assepRlokidrslithdgraphibaftemd dnd FeddineldeBaRraldh thé@sp shfadeMBESh&INn t he
calibration jig 202 i's captured by the vision detector 160, and di spl ayed

on a noni t ol kigr 8Bn The4glash douis ebripateshwith gedbriatiag anarks 04, haing Rdiigh t hat

in Fig. 3C ¢ i of, the calibration jig is shown exaggeratedly as
curve- edged? %@dﬁg&gurypose of illustration only. The shape of actual

i mges nmay vary. Other figures nay also not in scale. [0024] As shown in
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432, 434, a5ane et s o BRI o B D s MBI Bl el e
center of ttehepiatlesporsdl ng segnent. The position of each guide nmark

corresponds to a set of design coordinate data. Guide marks 402, 406, 442
and 446 define the four corners of a scan vision field. Adjust the

cal i brati onjgoi2g] f | at Pes&, of He8iynaddrdIfgtetdabNistRéh kehti® seBAteBdalodbass |19
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. ter of t . the
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Wi ndow 432, agleileI 1< RRERRIOW " AWt YR APSkhM 4. eARiigRabe WA Waflstatid jigbser ve
whet her the horizontal center line 528 of the calibration mark
per pendi cul 492 ys FartereskRy shewvisipradotestar cI80, gofl displayrd anck owerPrperean
horizontal gg) de ol EQ%enBRAGE hage in Fig. 3C. Note that in Fig. 3C, the image of

the calibration jig is shown exaggeratedly as curve-edged, for the purpose of

illustration only. The shape of actual images may vary. Other figures may also

not in scale.

[0024] As shown in further detail in Fig. 4, a set of guide marks 402, 404,
406, 422, 424, 426, 442, 444 and 446, shown as crosshairs, are provided in the
vision assembly, and displayed on a monitor screen. In the present embodiment,
the field of view is divided into 9 segments shown as windows 412, 414, 416, 432,
434, 436, 452, 454 and 456, each having one guide mark located at the center of
the corresponding segment. The position of each guide mark corresponds to a
set of design coordinate data. Guide marks 402, 406, 442 and 446 define the four
corners of a scan vision field. Adjust the calibration jig flatness, skew and position
until the center of glass jig image is in alignment with the center of the scan vision
field of the vision assembly, i.e. the center guide mark 424. Check the middle-left
window 432, middle-center window 434 and middle-right window 436 to observe
whether the horizontal center line 528 of the calibration mark perpendicularly

intersects with a vertical guide line and overlaps a horizontal guide line for each of



9 the guide marks 422, 424 and 426. |If not, adjust the position of the
calibration jig along Y-direction to bring the horizontal center |ine 528
to perpendicularly intersect with vertical guide lines of guide marks
422,424, and 426. Check the top-center wi ndow 414, m ddl e-center w ndow 434
and bottom center wi ndow 454 to observe whether the vertical center line
532 of the calibration mark perpendi cur &rl y intersects wth a hori zont al

gui de line and substantially overlaps a vertical guide mark of guide narks

404, 424 and 444, 1f no adj.ust, the position of the caljpratjon jig along
o 1 eoti oniediiie mark b2z, g 400 8R! it Blebesichce b apltamudn o

i ntersect wilbhRg hpdiré&iinto Mringethki NesizaRt dehtdrad abby tevesrhardiv@aky cal

gui del i nes of guide marks 404, 424 and 444. After the above adjustnent, the

"mage of th@lerERq il VBRIcAl Guide ies Shewide MawsGi2259R4. BDBFEP DIkach 185 st e
errors, cal foBr@htediABEN 5112 Mmid¥fe-EaMbPhAUbRUI4 SndBYitdRiceRRr Wihddv g5arent

Wi th correspondi ng guide marks. To conpensate or substantially reduce these

errors, an ®djobserventwhstirredie i vertiealr rentebulina EFbtali thex eafibiratiodi marki on
vi si on prop ' I AS|E LS j ion
factors ( Xd?ér?b%?yléﬁ?%%é%éﬁrp? Qggzo%%u:@e;p] %%gé b#ﬂﬁaﬂgf) q%@%‘%’%or ner
wi ndow 412, vetti@g gasz mack ab6guifl® 0Rekd04,r424 anepdd.s litrwtcadjiditibe ositibh nmar k
regi on prop i_O t | S in. FEig. , Kk  ddles | eft

- ndow a3z Toep SRR B9 Rierd qRE L o 3% PRou e DR hE SR |

i s in alignpepéendicalarig dnfeespondtmdodzordel gaide R ahfl sudistardidjlusivetiag gal vo

mrror position wth.a set of nodifi rdi e data, to bring left edge
522 Trit o al VTR BHRRe 86 ePlueTBinr 1. TPEe% 420" 455! B SRR RunEn! ¢ actor
for m ddl e-fhefithagé bty ckliBratian jighenek ehewhen Brf 6AT ned based on the set of
design coordi nate data and the set of nodified coordi nate data.

[0027] Sim | ar adjustnment operations are carried out, to bring the right

edge 526, tpp2spge SGheadkyBRin embedesibpdibr Mhksar BBRBIMradbA fig may not
correspondi ng, gui de marks 426, 404 and 444. Respective proportional factors

of m ddl e- rkP%]Ht a’iﬂ“ﬁtﬁﬂh"ﬂ@@?"_”ﬁ%ﬁowﬂ@ QHi_d\%i RS AucReeste ehtdstiardialvi ndow
454 can thegaf,0f ghd @%ﬁ’, MDedjUsinéntShitbbed idRARR: out'gxlgbfair{ QOZRYAY L er
t he above adjustnents, the proportional factors Xprp and Yprp
direction vision proportional factors, Xprp and Yprp, as well as vision distortion
factors (Xd1, Yd1), (Xd2, Yd2), (Xd3, Yd3), and (Xd4, Yd4) of each corner window

412, 416, 452 and 456.

[0026] A first step is to calibrate full mark region proportional factors. As
shown in Fig. 5B, check the middle-left window 432 to observe whether left edge
522 lithographed on the glass jig is in alignment with corresponding guide mark
422. If not, adjust the galvo mirror position with a set of modified coordinate data,
to bring left edge 522 into alignment with corresponding guide mark 422. A
proportional factor for middle-left window 432 can therefore be determined based

on the set of design coordinate data and the set of modified coordinate data.

[0027] Similar adjustment :operations are carried out, to bring the right edge
526, top edge 504 and bottom edge 544 into alignment with corresponding guide
marks 426, 404 and 444. Respective proportional factors of middle-right window
436, top-center window 414 and bottom-center window 454 can therefore be

determined in a similar manner.



of the scan vision field can be determ ned based on the galvo mrror
position design coordinate data and nodified coordinate data in w ndows
432, 434, 436, 414 and 454. The adjusted image of the glass jig captured by
the vision assenbly is now shown in Fig. 5B. [0029]in a next step,
distortion factors corresponding to each_ of the corner inage w ndows 412,
416, 452 and 456 are determ ned. As show i n Fig. 5B, take the top-left

i mge w ndow 412 as an exanple, the adjustnent is made by varying the gal vo
mrror positions with a set of nodified coordinate data, to bring the
calibration mark 502 into alignment with guide mark 402. Simlar adjustnent

operati ons syade taxeGahey abdld AQLSNFHS, b oREbriaP £ Xpih BAQ W 16,
452 and 456W0?0FE“ ng the cali bra(?l on mark gﬂ%ﬂ 542 and 54(§Wi)nto alrl ghment

with correspolft Regrylisiee field Kansbe de&erm"aefa baa@i opetbgegalyy anigror peelion Af t er
the above agidigt %Bﬁﬁnaté *a%tadhﬁé Iy E@&H%&a 8$ta‘%ﬁ%n8&ké‘@,§2%§‘ﬂo¥éﬁca” be

det erm ned based on th I'vo mirror design position coordinate data’a

nmodi fi ed po$l4 B@%"rééofrbﬁrﬁétuét@bmgeméhe gage jig taptheedghiakhe Vision asqsimbled by

t he vision @ a(Ndﬁ'ﬂ hown in Fig. 5C. According to another

enbodi ment, further call ra ion is nade with respect to the half-sized scan
field. [0031]As shown in Fig. 6A the calibration process according to the

i t th ul J. an field 500 (shown
P el ot o dBERET U8 AR st RisfoF o8 chMEoddNdnbitch e BBmek e
enbodi nent rhw'gerwmdowh mb@azl‘aﬁs 46@;&n?y$6%re_ \Metéérrzmﬁ_ajoefi sh(ﬁwr: thFi_baﬁlB aRan
field 600 doubl ot i ne). .sar* i mage .
c:aSturl ng é |ﬁ9g '%f}é“%q%a@@awt‘@ %a@e%gwweo%hﬁ%aﬁf{ 1% W@gﬁéﬂyf"q"&‘%
field, w thhehgalbalhindepaskibas dvih08 ﬁl%ﬂmbaufubbﬁso‘éﬁiikétagda%nﬂp\b(nﬁ@‘ the

nonitor throygh the scan vision stem By this set up eed es of the
hal f - scan fq,aggaat@@om,airlf @Hén@u?h@ywtk‘gmwd%@w 4@@ @2‘2' argpajustment 442,

operations are made to galvo mirrors corresponding to image windows 416, 452
and 456, to bring the calibration marks 506, 542 and 546 into alignment with
corresponding guide marks 406, 442 and 446, respectively.

[0030] After the above adjustments, the distortion factors of each corner
window can be determined based on the galvo mirror design position coordinate
data and modified position coordinate data. The image of the glass jig captured
by the vision assembly is now shown in Fig. 5C. According to another

embodiment, further calibration is made with respect to the half-sized scan field.

[0031] As shown in Fig. 6A, the calibration process according to the
previous embodiment is made with respect to the full scan field 500 (shown as
single-dotted line). To further reduce the system error, the present embodiment
further calibrates the system with respect to the half scan field 600 (shown as
double-dotted line).

[0032] To start, the image capturing points are changed to the 9 control
points of the half-scan field, with the half-scan field 600 shown in the working
window on the monitor through the scan vision system. By this set up, the edges
of the half-scan field 600 fit the guide marks 402, 404, 406, 422, 424, 426, 442,



444 and 446. Note that same set of guide marks are used in calibrating the
hal f-scan field. It is therefore understood that the set of guide narks are
uni versal to any set of design coordinate data for vision calibration.

[ 0033] Fol lowi ng the sim | ar procedures as described in the previous

enbodi nent for the full scan-field calibration, the half field Proportional
factors (Xprp/2 and Yprp/2) can be obtai'hed accordingly, with the aid of
the 9-w ndow i mage, the guide narks and the glass jig scal es/calibration.

The final alignnent is shown in Fig 68. [0034] After the above process, X
and Y propo#ﬂg&ggf‘*ﬁét Me&*fattwese Pliguidegmas @ie|usgd igcaisaingther@t or s of

each corner syarfl@W af €ahaefrekindbResbd thAeaR SR YuideOoMmahi@C B hidéal to

distortion factors wi|l be used to nodify the design data for positioning
the gal vo nPPY 8piofidgsign€ogidinain datastopmision@hBEHtipR. shoul d be noted that the
calibration process illustrated above nmay be used to calibrate either an

i ndependent scan vision systemshown in Fig. 2, or a scan vision
assenbl y/ molfi38] of a foligwingp it esimilarg psgesderass lkewdesgiibeidgin e PEBEEI N t he

case of a | %ﬁ%ﬁdﬂ{é?ﬁ ‘?érSjg{égﬂﬁlysc‘éa%Uﬁelé leiﬁgﬁ%@yt%%o%dag\fE?l%rogg{tféﬁgpfatc?ors

calibrate the integrate can VI Si on asse aln a scan
vi si on accuf$up/2oand Nerfareah deedbtaified ameatinglyseitibltlye @ith of Hen 9beindow

[ 0037] Rermov  Tdte T a8 PR S MREWESE B Sien Bty oS TR i R Mt o

shown in Fig 6B.

[0034] After the above process, X and Y proportion factors of the scan field
as well as distortion factors of each corner window area are obtained. These
proportion factors and distortion factors will be used to modify the design data for
positioning the galvo mirrors in the vision assembly

[0035] It should be noted that the calibration process iliustrated above may
be used to calibrate either an independent scan vision system shown in Fig. 2, or

a scan vision assembly/module of a laser processing system shown in Fig. 1A.

[0036] In the case of a laser processing system, the above process may be
used to calibrate the integrated scan vision assembly/module, to obtain a scan
vision accuracy of the same level. The laser assembly can then be calibrated

base on the scan vision assembly, as illustrated below.

[0037] Remove the scan vision calibration glass jig, and place a sheet of
laser sensitive paper (or other suitable materials for laser marking) on the
platform. Make sure that the paper is flat and at the same height as the
calibration jig.

[0038] In one embodiment, laser assembly calibration for the full mark field
is calibrated. Set the laser output tc a proper power level for the laser alignment

paper, then mark a full mark field 700 on the laser paper, as shown in Fig. 7A.



| aser sensitive paper (or other suitable materials for |aser marking) on
the platform Make sure that the paper is flat and at the sane hei ght as
the calibration jig. [00381ln one enbodi ment, |aser assenbly calibration
for the full mark field is calibrated. Set the |laser output to a proper
power |evel for the laser alignnent pap% then mark a full mark field 700
on the | aser paper, as shown in Fig. 7A' - 12 - [0039] Qbserve the

m ddl e-l1eft and m ddl e-right image w ndows 432 and 436 from the 9-wi ndow
screen to determ ne whether the mark field edge 732 and 736 intersect with
t he gal vanoneter position at the respective guide marks 422 and 426, at

both Ieft a[ubslsgght emisserid) O nifldBasft andl] MRidid-Agar infigePAlidodRad 3 aggor X
until the Ie and “n%ht edges of mark field 700 are in alignnent with the

cor r espondi Ag gerfu@e W@OM%CVQ%t%é%te”sﬁ”ﬁvl’féﬁth%rtt@Bé“%ﬁkef*%?‘?gee@%éﬂdf or
top-center aggl uﬂ@ﬁsb@%ﬁﬁ%@rgal%@ﬁe%rrﬁﬁ%n%h@r}@sﬁéﬂwey iddinisikd B2 Laser

Proportional factor Y, ing the top and bottom edge mark field 700
in al i gnmen@ngieh thetielsfianssiohiPReg: gui de marks 414 and 454. Upon the ful |
field laser calibration, an imge of the marked field 700 is shown in Fig.
76. [0041] According to another enbodi nent, further calibration is carried
out with reb}d8] to tiheothadifistdi ased Psepantidriab fattora% ustidhe léfharmd goht®&dgesd in

conpari son W Fn@rl!:'ngld 7706 are in alignment with the corresponding guide marks 422 and
426. Similar steps are carried out for top-center and bottom-center image windows
414 and 454, by adjusting Laser Proportional factor Y, to bring the top and bottom
edge of mark field 700 in alignment with the corresponding guide marks 414 and
454. Upon the full field laser calibration, an image of the marked field 700 is
shown in Fig. 7B.

[0041] According to another embodiment, further calibration is carried out
with respect to the half-sized scan field, as shown in Fig. 8A and in comparison
with Fig. 7A.

[0042] Create a half field mark 800, and zoom-in the vision detector such
that the edges of the half field 800 fit the guide marks 402, 404, 406, 422, 424,
426, 442, 444 and 446. Note that same set of guide marks are used in calibrating
the laser compensating factors of the half-scan field. It is therefore understood
that the set of guide marks are universal to any set of design coordinate data for

laser calibration.

[0043] Following the similar procedures as described in the previous
embodiment for the full field laser assembly calibration, the half field Laser
Proportional factors (X/2 and Y/2) can be determined accordingly, with the aid of
the 9-window image and guide marks.

[0044] Since the scan-vision is calibrated to the +/-1um glass jigs, the scan-

vision assembly can achieve an accuracy level of +/-2um, with the CCD camera



[0042] Create a half field mark 800, and zoomin the vision detector such
that the edges of the half field 800 fit the guide marks 402, 404, 406,
422, 424, 426, 442, 444 and 446. Note that sanme set of guide nmarks are used
in calibrating the |aser conpensating factors of the half-scan field. It is
t herefore understood that the set of gujgde marks are universal to any set
of design coordinate data for |aser calibration. [0043] Foll owi ng the
simlar procedures as described in the previ ous enbodi nent for the full
field | aser as [ |on Las roportijonal factors
(X12 and Y12 S Béeﬁ‘gf‘éé r@?“&&ﬁ'@f@feﬁg{ fe\?ﬂﬁ %eﬁg)'%l'isdh%? czlibEat§dJP ndow

i mage and gtheck&:aﬁafé@n asserhBly; tS¥SHi6VE ah a@ou@aplléneu on +06 | aouctlapdger xel .
The | aser {(}éenbl is then calibrated to the scan-vision assenbly

to

achi eve an %SHUS dgsHiseQria df mim injcl sfainless, gteql plde sandirmeag ”P%scéf'?@t'% al
mm t hi ck st aédurgss steel plate confirmed the calibration accuracy. [0045]As
illustrated above, the inmages shown in Fig. 4 to Fig. 8B are the inages
the calibration marks captured by the scan-vision system and napped with
the guide npyols; pPr ovigegl yatbdensgaNnYiihgss $4 fo Bigt BRTarkhfef ul !
scan fiel dn?riode] or t#egehg%ascan P i e. ﬁ\gse |F§:Hr;g§§ ap gyar'{a}r%ﬁ%a 1y
updat ed by imagesi t@emahbat@etmarl@wanwedﬁaf Preo sears visfonnsytstgn randt h@pped

cal i brati ong W@\%};u\’?ﬂet thake Fo%&e%sgﬁ@q% anrg-lélsﬂ)% tgr% u%&PSMﬁ fgnfu jlactors
for precise scan-vision cap urin aser 05| Ooni hg afe therefore

obt ai ned upstancbeigl moderorothet hadf saehrn e bt mmiepr dtess. mp@@&&}d\d&oamo@gyto a

further enb&gjdé?g@tby tﬁep\'/iéigh -(}e?é&g;’ EQJ;Agb{;% 'p(r)or}:e'sg o) ar%t'cﬁ%got%'caﬁbrations
marks with the corresponding guide marks. Compensation factors for precise
scan-vision capturing and laser positioning are therefore obtained upon

completion of the calibration process.

[0046] According to a further embodiment, a pixel-to-mm calibration is
carried out.
[0047] First, the system is taught using a unique pattern at the centre of the

scan field, the pattern is preferably as small as possible, but is still recognizable
when observed using the vision assembly. The system will then move the galvo
mirrors with small a distance calculated in mm, step through from centre to left,

centre to right, centre to top, and centre to bottom of the scan field.

[0048] In between each step, the vision system will grab one image pattern
and obtain the pattern drifting distance from image centre, calculated in pixel. The
stepping of galvanometer will stop once the vision system cannot find the leamnt
pattern and continue with next direction until all direction had been completed.

Thus the mm/pixel unit can be calculated for each axis.

[0049] Although embodiments of the present invention have been illustrated
in conjunction with the accompanying drawings and described in the foregoing

detailed description, it should be appreciated that the invention is not limited to the



[0047] First, the systemis taught using a unique pattern at the centre of
the scan field, the pattern is preferably as small as possible, but is
~still recogni zabl e when observed using the vision assenbly. The system w | |
then nmove the galvo mrrors with small a distance calculated in nm step
through fromcentre to left, centre towii ght, centre to top, and centre to
bottom of the scan field. [0048]1n betV %ﬁ each step, the vision system
will grab one inage pattern and obtain the pattern drifting distance from
i mge centre, ,cal culated in, pixel. The stepping of gal vanongeter wl| stop
once. the vi SMBRAGIRYE HRERRRb FPT FXATHE: PRI HREGURRNS RIS CERETRRIEW( ¢ h
next directi@petintol 4 tad ldirdérmsisidl @Bam@ididoesiroRaTERt, &irRidwitd Rire §lige ERS xel
unit can be ca%]cul ﬁttged' for each axis. [0049] Al t hough enbodi ments of the
present i nvERLN®FERRGHODQENISIAN BRtERIL @Ndn2eYnPSReETN6 At (B ¥hrarsigod by a
acconpanyi ngedbAWkNGs iR S et vRRth Al Tdaer faQée?*&Q¥ Rayuiatich hig wiesstiedt i on,
it should be appreciated that the invention is not limted to the - 14 -
embodi nent sOi BycydRe athersrmbrErgfilideamensuit eatibetions markaranddesitheb@d wit h
espect 10 8nd WhnddBie A0SR Sl dRAUIGARITRALoRAEnI WhiBH 2RcGH! de
marks for the calibration of vision assennly and | aser assenbly, it is
under st ood ¥i§ioa sygtesoar 8 kaser pipcessingsysiem edndigurgidsiitina &oalisingdens aesedbl y
cal i bration 1€ ' . f i de par ks, and
cal i br at 1 ore TMelané Selorsdifby nd B BladbifTs MSADREE &5 oiER, FBE- T

t wo- di mensi @amhR, gnshoushhemppraffatéd that aobodimestsoof thestresemtrineentasemnay

rocessin t,.em f.] red with f ocusi | ens pl aced between the gal vo
P sennry andor B EEE rhrERCvilbb r it 45 WseroRop R i oy B St her !
shoul d be appfigoraibed. tHurtexamplyiomitddmeht bherepestsiaténtionvieay ivenusedyfonel | be
used in scan vision s Ztem a]nd | aser %r ocessi ng@s, ste{}g W th c')t her

confi gur at i 918, VIEGR XN ¥, "2&fh BRCHE f‘go‘fysfﬁ”é Ningi AVERHSIRG '¢Rsy PIgsedsed
for scan vilsdteReR \thé aIver adsasfly Bh@GRS Visith g¥etem haw theralodkoGitidritgod €N

pl aced between the gal vo assenbly and the vision detector. It is therefore
under st ood ¥'Rbt e HreEEninyeRlient i'sn Gapablenabl e NBMeriifer BrAgrangements,

" €ar 1 ange e ifancBHRAR CiBASatioMRclibA VB0 SancALBS RAIIrNC AN BuBYhg ut i ons

w t hout departing fromthe spirit of the invention as set ftort nd Fecited
by the fol | ferin ,{@e 8pigt gfgthe invention as set forth and recited by the following claims.



15 CLAIM5S 1. A nethod of reducing a positioning error in a |laser processing
system for positioning a |aser beam ojg 0 a workpi ece, conprising: providing
a calibration mark; providing a guide nark corresponding to a set of design
data; matching an inmage of the calibration mark to the guide mark to

det er nopaRSset of vision conpensating factors; matching an image of a

| aser mark to the guide nmark to determ ne a set of |aser conpensating
factors; and nodifying the set of design data to position the |aser beam

onto the workpiec ' t he ..Of. vision ensating factors_and the set
of 1asdr comyBelif diePlehd B65iohind et a BETR Rerrano HiaBet s chi ng
the inmage opotiienegla kisat beamvitl 4 wokkitedd!icdengrikg:f urt her conpri ses:
fixing a vision assenbly along a first vision path based on the set of

desi gn data; obt BreMidiggnealinsalien Barkhe cali brati on mark through the vision

assenbly along t e St VS . ' t | VI SLQn path to a
second zi Si ongpapﬁ)\{'dgh I’al %@%ﬁ@ar{kﬁéﬁd&es@hph@gtgaﬁ%{%@é&gﬁné%%,i nt o
al i gnnent with t heatohindamierdge ohteeeiatibtdtiensaakid thiesjuide pairk teor r esponds

to a set of nodified design data; and determ njng the set of vision
conmpensat i ng fac98@”\“?%%%9?&&0%@'8@%?%'%@5?%% t he nodified data.

matching an image of a laser mark to the guide mark to determine a
set of laser compensating factors; and

modifying the set of design data to position the laser beam onto the
workpiece using the set of vision compensating factors and the set of

laser compensating factors.

2. The method of claim 1, wherein matching the image of the calibration mark to
the guide mark further comprises:

fixing a vision assembly along a first vision path based on the set of
design data;
obtaining the image of the calibration mark through the vision assembly
along the first vision path;
varying the first vision path to a second vision path to bring the image
of the calibration mark into alignment with the guide mark, wherein the
second vision path corresponds to a set of modified design data; and
determining the set of vision compensating factors from the set of
design data and the modified data.

3. The method of claim 1, wherein the calibration mark is a first calibration mark
corresponding to a border of a rectangle processing field, wherein the method
further comprises providing a plurality of calibration marks corresponding to
an opposite border, adjacent borders and corner areas of the rectangle

processing field.



3. The method of claim1l, wherein the calibration mark is a first
calibration mark corresponding to a bpgder of a rectangle processing field,
wherein the method further conprises providing a plurality of calibration
mar ks corresponding to an opposite border, adjacent borders and corner
areas af thaheanteodl & quincBsrhagid trR) guide Mark.is Bfrshgliiednad claim 3,
wherein the guide mark is a first guide mark corresponding to the first

cal i br at i onCREERPONGRY & the fist galibration markewhetsip the methediurtheig a

plurality o i : i (o) e i of
calibrati onfCPra rggsg?é %ﬁ'ggfr&epwg%&%? EF@P@?%{? g,ﬂésv%éegr?‘e?ér)ﬁen%{b ?ﬁjlmr%{ Ogéérﬁ:%ng t he
plural ity otheplurdiitgaof oalibratitus marks. correspondi ng one of the plurality of
gui de marks at opposite borders determnes a first vision proportional
factor along a first direction, and a second vision proportional factor

al ong sec L td i i 4 ek RRCt i on.
6. The Sret hadCar PR o B RBleTrdicihy 4260 LR e By or GRSt b,
factor of amarksdo aaoemspoodingearchdhieqaatalityf oft hiedeimarks iat pppositeaal i br ati on

marke at ¢ hEoEdaptdniRes 3 PernaHRaRYP e BRI oW ares astbp zed) | 1y
of guide mMapksecanhd ilish r?ir@wrﬁgnélﬁé@ﬂé@%kﬂwgt HQeebhE® AFEOHEH soRantAIgl on field.
8. The method of claim 7, wherein the plurality of guide marks défine a

ful | scan- viosthegonaldpdhe dirstiectiethod of claim 7, wherein the plurality of
gui de marks define a half scan-vision field. 10. The nmethod of claiml,
wherein matching the image of the laser mark to the guide mark further

conpr } 6353 _ fl’ihéidr’ﬂtml)d GFsdinas sferbky canphging détemhinirapg difetionifased oba t he
set of design data;

%orner area from matching each of the plurality of calibration marks at the

corner area to a corresponding one of the plurality of guide marks at the

corner area.

7. The method of claim 4, wherein the plurality of guide marks are distributed

through a two-dimensional scan-vision field.

8. The method of claim 7, wherein the plurality of guide marks define a full scan-
vision field.
9. The method of claim 7, wherein the plurality of guide marks define a half

scan-vision field.

10.  The method of claim 1 , wherein matching the image of the laser mark to the
guide mark further comprises:
fixing a laser assembly along a first laser path based on the set of
design data;
creating the laser mark;
obtaining the image of the laser mark along the first laser path;



creating the laser mark; obtaining the inmage of the |laser mark al ong the
first laser path; 17 varying the firpt |laser path to a second laser path
to bring the image of the laser mark 1nto alignnment with the guide nmark
wherein the second | aser path corresponds to a second set of data; and

det er ni ni ngvafing e bt lagsepativineBsednd Bisbrphi ® brirMtchitmdde stthand second
sets of data. 11. The nethod of claim 10, wherein the laser nark is a first

| aser mark BSeF sxpbivtorajignorent withdde wfide mask vt thessseostngsdripata,
wherein the t ' roviding a plurality of |aser marks
correspondi ﬁgﬁ%ggg}lé%%p%glé?%&@éﬁ’dgﬁgdj acent borders of the processing
field 12. dbermiihgdhetecdiaseddompbesating fadtorefiothe thefitst apdaetbhgt gui de
mar k corresponding to the first |laser mark, wherein the nmethod further
conprises p %ﬁ?i‘&fif’%’éa-a plurality of guide marks each corresponding to one of
the plurality of laser marks. 13. The nmethod of claim 12, wherein natching
each of the plurality of |aser marks to a correspondi ng one of the

pl ural 1ty ofhgunetbodwfickaiat 1@pplsieirethedader madetsea firstéssex rharkst | aser
proportional factor .al g(?g a fi rsft direction and. a gecon | aser pré)tﬁortional

factor al on§PEesRUHHAC é@(@%’?\os%&‘it%?ﬂ'?é?m?eﬁ'?% EQS’NW?‘GF%nttH%W of
direction. Mihe?d@%ﬂ}%@sfﬁbvi@iﬂfgrgw}gli@ dfaS&dr rREAR Ot 562&@358' e at a

predeterm ned | ocation, the mnet conprising: providin of design
dat a defi ni agposite porsles vadrddieckert bosdérsrof the proatissingfigjdi de mar k
corresponding to the set of design data; providing a calibration mark;
12. The method of claim 11 , wherein the guide mark is a first guide mark
corresponding to the first laser mark, wherein the method further comprises
providing a plurality of guide marks each corresponding to one of the plurality

of laser marks.

13.  The method of claim 12, wherein matching each of the plurality of laser marks
to a corresponding one of the plurality of guide marks at opposite borders
determines a first laser proportional factor along a first direction and a second
laser proportional factor along a second direction substantially orthogonal to
the first direction.

14. A method for directing a laser beam onto a workpiece at a predetermined
location, the method comprising:

providing a set of design data defining the predetermined location;
providing a guide mark corresponding to the set of design data;
providing a calibration mark;
matching an image of the calibration mark to the guide mark to
determine a set of vision compensating factors;
introducing a set of compensating factors to the set of design data to
generate a set of modified data; and



mat ching an inmage of the calibration mark to the guide nmark to determ ne a
set of vision conpensating factors; iqgroducing a set of conpensating

factors to the set of design data to generate a set of nodified data; and
18 directing the | aser beam onto the workpi ece based on the nodified data.

15. The nethod ofiretimgihediasehes@nroritbens aloriglicco® BREES dhithg n@dified s
i ncludes a set of vision conpensating factors and a set of |aser

conpensati ng facO8fs. 16. The nethod of claim 15, wherein the set of vision
conpensating factors is obtained by matching an inage of a calibration mark
to a guide mark. 17. The method of claim 16, wherein the set of |aser
conpendét i ngheanethos ofclaibt ¥4 neldereyn tret sdticigoapansating tdictard iaskides a

calibration rk to the guide rk. 18. An apparatus for reducing a
05! i onal | SRt vigPn omeklisagng tadbrs e el Y et kgmioansating Adiel y and a
vi sion assenbly, the apparatus conprising: a calibration jig having a
calibration mark; and a guide mark provided in the vision assenbly wherein

t he vi §6on dbeansihpdiaf dairabh eviéreingthe setraftvisions compeasatimpiatorsrisa set  of
desi gn coor dbpate at a

. ' f th | i brati k, wh [
bl 7GR 2 PBRER SR A ACKRRET on o st of

the first vi
nodi fi ed coordinate data to match the i nage of design data and the set of

modi fied data are to determ ne a vision conpensating factor for reducing
t he poditi ol&e neethed. of claimmhe wipgrgimthessesfof dasgrmongengadingifactorreis

et angl e pehpted RyPorish GAaidb R B RHRRAR O Me ol RBRET cos 2

plurality of additional calibration marks corresponding to an opposite

border, adjacent borders and corner areas of the processing field.
18. ° An apparatus for reducing a positional error of a laser processing system

having a laser assembly and a vision assembly, the apparatus comprising:
a calibration jig having a calibration mark; and
a guide mark provided in the vision assembly wherein the vision
assembly is fixable along a first vision path based on a set of
design coordinate data to capture an image of the calibration mark,
wherein the first vision path is variable to a second vision path
based on a set of modified coordinate data to match the image of
design data and the set of modified data are to determine a vision

compensating factor for reducing the positional error.

19.  The apparatus of claim 18, wherein the calibration mark is a first calibration
mark corresponding to a border of a rectangle processing field, wherein the
calibration jig further comprises a plurality of additional calibration marks
corresponding to an opposite border, adjacent borders and corner areas of

the processing field.



19 20. The apparatus of claim19, wherein the guide mark is a first guide
mark corresponding to the first calibjgtion mark, wherein the apparatus
further conprises a plurality of additional guide marks each correspondi ng
to one of the plurality of additional calibration marks. 21. A nethod for

cal i br gbi NgThe SHPAratlS 0P BlafMSTE WhereimtheJuids rerrR’Yé gififgt Quidahidikat i on mark;
providing a guide mark corresPondl ng to a set of design data, matching an

i mage of 't heokraspanding Enthesfinet ealiaradorymatls, waetein thejapramtusiuthest of

vi sion conp i f e ing the
set of visi gﬁ%?h%peﬁsogﬂaﬁy?fam éswﬁg%deeng’ra;%eeéai 8@%?&?%8’?& eéﬁﬁgzi gn
data; and ctid pluadlityof dbditissalrcalibeatom Mgisem based on the nodified design
data. 22. The nethod of claim 21, wherein matching the inage of the

calibration mark to the guide mark further conprises: fixing the scan

Vi si 0Ny $y St AhalHaR%oR chisrating aS4aR \REbA HBRMT Ymplignget of design data;

providing a calibration mark;

providing a guide mark corresponding to a set of design data;

matching an image of the calibration mark to the guide mark to determine a
set of vision compensating factors; and

modifying the set of design data using the set of vision compensating
factors to generate a set of modified design data; and

calibrating the scan vision system based on the modified design data.

22.  The method of claim 21 , wherein matching the image of the calibration mark
to the guide mark further comprises:

fixing the scan vision system along a first vision path based on the set
of design data;
obtaining the image of the calibration mark along the first vision path;
varying the first vision path to a second vision path to align the image
of the calibration mark with the guide mark wherein the second vision
path corresponds to a set of modified data; and
wherein determining the set of vision compensating factors from the

set of design data and the modified data.

23.  The method of claim 21, wherein the calibration mark is a first calibration
mark corresponding to a border of a rectangle processing field, wherein
the method further comprises providing a plurality of calibration marks
corresponding to an opposite border, adjacent borders and corner areas of

the processing field.



obtai ning the image of the calibration mark along the first vision path;
varying the first vision path to a segpnd vision path to align the inmage of
the calibration mark with the guide nmark wherein the second vision path
corresponds to a set of nodified data; and wherein determ ning the set of
Vi si on2¢onp&heahéthgdicdciaims23, nemerehretheejuioé neerRiiga fitett guiaadndrke nodi fi ed
data. 23. The method of c¢laim 21, wherein the calibration mark is a first
cal i br at i onCREERPHNG & Bredlingl calibration mask, wherein the medhed pirhesssing fiel d,

wherein the : ; ' ravi-di RAVE | bration
mar ks corregg‘gal E'lg%%fpﬁ)\;@ﬁbc% ggaiﬁ I{t%@ﬁg?@%‘rﬁgg %a%gﬁ(%&t%rd lie#ﬁ'sr%fatrcl)gé’r{céor ner
areas of t hef fireoplasdityngf €alddration B@arl. The net hod of claim 23, wherein the
guide mark is a first guide mark corresponding to the first calibration

mar k, wherein the nethod further conprises providing a plurality of guide

mar ks egch ?%rrﬁé@m%;ﬁf%vimm&{ﬂﬁhé}%iﬁ ReatdHing @hbﬁ bf te E%:rélh{/ l%_?i on marks. 25.

The nmethod of clalm 24, erein matching each of the plurality of
cal i br at i oncatitrriation marks & pepmspondingrenedf thieeplplalityadf gyidemayks @& nmar ks at

opposite borders. determnes a.first. visi.on propprtiqnal factor_.along a
fTrot di receponstefaie’s detufings s IretyRigorloditipre dater i fEhtoecond
direction sdhetiii,iatld & secdripgisial propoktital facsdr Albhg et desvondfirectibs met hod
of claim 24, wherein matching one of the plurality of calibration marks to

a cor r espondibgfastialyerthegonsl te the firgt diregfidrde marks at a corner area
determ nes a distortion factor of said coner area. 27. The nethod of claim
24, wherein the plurality of guide marks are distributed through a

t wo- di pensi ahalmeatwa-oficiaion24,i whereir?thatdiieg sreluidneblurhitywf27, wherein the
plurality of %i?d_e marks define a full scan-vision field. 29. The nethod of
claim 27, wka Hog Iﬁ‘%arﬁﬁlﬁ@ QIQQFSES@P”QWQOF@‘%?W@ Rlgralibeokowde Mmarkamt @ si on

field. corner area determines a distortion factor of said comer area.

27. The method of claim 24, wherein the plurality of guide marks are

distributed through a two-dimensional scan-vision field.

28. The method of claim 27, wherein the plurality of guide marks define a full

scan-vision field.

29.  The method of claim 27, wherein the plurality of guide marks define a half

scan-vision field.



