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SPEED | MAGE PROCESSI NG APPLI CATIONS Field of the Invention Thi s
invention relates to a high speed conputation technique and system for
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poi nt spread functions (PSFs) of certain partitioned regions of the test

i mge to enhance the conputational efficiency. Mure particularly, this

i nvention provides a technique to enhance the system perfornmance by
automatical ly determ ning a focugididfehéihvbRGorsySt em based on the conputed
shar pness val ues and PSFs associated with certain partitioned regions of
the test inmage. Background of the Invention I n existing
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filtering operation such as nedian filtering, Winer filtering, and etc. A
corrected sharpness value is then calculated for the filtered sub-region.
The corrected sharpness value is then conpared to a second threshold val ue.
The second threshold value is, preferably, in a range of sharpness value 1
to sharpness value 20. If the corrected ssharpness value is not greater than
t he second threshold value, a point spread function (PSF) (or an inverse
PSF) is calculated for the filtered sub-region. The PSF resolution is

i nversely proportional to the sharpness val ue or corrected sharpness val ue.
The cal cul ated PSF (or inverse PSF) and the corrected sharpness val ue of
the filtered sub-region are then stored in calibration data stored in a
menory. I n accordance with sone enbodi nents, the whol e process descri bed



to a processing unit. In addition to the above described process, the
system stores the cal cul ated sharpness value of a sub-region in calibration
data stored in the nenory if the cal cul ated sharpness value is greater than
the first threshold value. The system al so stores the corrected sharpness
val ue of a filtered sub-regi on $4medry et theilpventiam stored in the nenory if
the corrected sharpness value is greater than the second threshol d val ue.
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In accordance with an embodiment of this invention, the system further comprises
a projection device (e.g. a projector) for projecting a test image onto a surface, and an

image capturing device for capturing the test image and providing the captured test image
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Figure 3 illustrates an image of a test image with a plurality of feature
mar kers. Detail ed Description of the Invention This invention
relates to a high speed conputation technique and system for m nim zi ng

i mage blur caused by out-of-focus, blurred regions in a projected inmge. In
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partiti onggediicraai@Rt | er sub-regi ons within which each sub-region is
determ ned whet her a PSF cal culation is necessary based on the sharpness
val ue of that sub-region. Al though sharpness value is used in this
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a processi§§aripness Yalugpar aofolewhe process. Figure 1 illustrates an exenpl ary
enbodi nent of a processing systemthat may perform stored instructions to
provi de a systemin accordance with this invention. Processi ng

syst em 100 i ncl(slrepnaSenalnal - Bhapassivaliedni t ﬁgEU) 105. CPU 105 is a
processor, m croprocesgfpne® vAHy2 conbi nat KRV processors and

m croprocessors that execute instructions to performthe processes in
accordance with the present invention. CPU 105 connects to nmenory bus 110
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or subdi vgeeterionequatamBOUt her busses and the exact configuration is left to
those skilled in the art. A non-vol atile nmenory 120, such as a Read
Only Menory (ROM), is connected to nmenory bus 110. Non-volatile nmenory 120
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| /O device 130, keyboard.135, displ 140 r 45, network device 150
and any nunBe CSPF%%?Z?S%@W%%@ 3?“@%\/?'&@62%%&%%{ ;Ir?%‘fsl PSitipRstoig sygtem.
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105. 1/0.device,130 is.an evice that transmts, and/ or ceives data, from
Py 105 RBYBo e paa B baldBIGE pietRhe SRR BT ctbrasions oL Tk toef urbe ripet
and transmts the input to CPU 105. Display 140 receives display data from
CPU 105 and display images on a screen foor a user to see. Menory 145 is a
device that transmts and receives data to and from CPU 105 for storing
data to a nedia. Network device 150 connects CPU 105 to a network for
transm ssion of data to and from ot her processing systens.




Figure 2 illustrates a flow di agram of process 200 for m nimsing i mage
bl ur when projecting an inage onto a surface using a test inmge projected
on the same surface by a projection device. The test inmage is an inmage with
feature markers. An exanple of a test inmage is illustrated in Figure 3.
Test i magdo@oresiianugksitier rangsorabeth 16 the | nisirstiast dedemiand dhe dmege eeptuliagh
Cross is i riegl h ind j Lt | xel s
0 hei ght ool ane ahetedd b FRCATAITLYR o o RER: dosfiof tT1RS satehl 7
accor dancé’fﬁﬁeﬁp%%h% higheetravierags shaapngse vatuedameng heveralldapivirerdtesk mnqdes. is A
three- di MRgH Wplosid the s&m&%exbogﬁemmasggem' ayers of |mage Inperfection
conpensati on which are conputationally ti I ntensive. For exanple, if one
direction has 100 | ayers i mge conpensati onal processes, thus 3 di nensions

(X, y,z) woul d neautdr8amtOuitHBHRe ERPBEIRRAL Qﬂngriﬂﬁﬁﬁiﬁ San J)rfigirttz{l?nfa%%is then
W t 0 ga pixels

conputational tine required for an inmage a resolution

per i mage “Rlk{Ated; kefore Rioingtie’ baged dmigeceopyed ssiirmness Veiusseansk SEsulad
take 50 howepse BOPspstdddth tHet &fibration B&I OFHE BifbBSe BhRlge SRS o byﬂﬁ
time taken could be even | onger when I nmage resolution I'ncreases, such as
500 hour s & BRTEEPORERIEEpPsivrEN e preietodh . imege rasslothgecantived prmalgeesn thatshet em
| N accor dafgRatiridbd B PeCefiBlatd" 67 HrbLBndiiRHeA B8Tokd BreltRY! GHib U'elrsbdd® DY
at least 10 tinmes over the existing systens. e basic procedure of
thi s i nvefflareby miimisingdmege bbreps, the canera-based calibration step and
the image correction step. During the canera-based calibration step, a test
imge W th special features is projected on a display surface and the
projected test image is captuBd@f BgseriptioneetDrapiagpur pose of the
calibration step is to build a correspondence between projected features
(in projector coordinates) and cagtured features (in canera coordinates).
After anal ysis T8¢ @bavapanf ether eyeblemagere selved byt featuresfand nadvaptagee. of. a
shar pness , ki t. riginal i I .
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m ni m sed when projecting the original imge onto the display surface. The
af orement i oned procedure may be repeated for nore than one test inmages for
better cafigyreaf ilBstratag btrrocessingotysiam iparfaraiog desitistioust to provide iangysterndn nay
be app! i egeddpaitid ShBbYnRRCMAG IRRGGEM v bl urred images.

Process 200 begins 1n step 20 y receiving a test inage. The received test
i mge may be an image of the test image projected on a surface by a

proj ecti opidgVvs | 4 . 'g§§¥%1 I L Ge S a
di gi tal cglﬁgféa# ﬁ"?’ﬁ%&%g@ovgg%%ﬁn?ggggfgﬁﬁgg t enﬁ;‘?fh gﬁér‘rﬁﬂg%g? l\r/ftaﬁ‘taecscta &%ﬁﬁge to
a pr ocessViiyangnmbogisners ofithiginvérdiopr atdesses in accordance with this

i nvention. The inage capturing device nmay be configured either internal or
external to the processing unit. Once the image is received,
process 2l0guisad tlustrajes an freageesita festigwmgenith & plraliygofidaatureimatkeps.202.
Preferably, the test image is partitioned into equally sized sub-regions.
However, the exact nunber and size of sub-regions of the test image is |left
as a design choice to thos®etdildd Resdriptianeofthe.Invention | n step 203, a
sub-region is selected. In step 204, a sharpness value for the sel ected
sub-region is calculated. In the described enbodi nent, the sharpness val ue
i s cal cul at ed TR rigvartien Seladés tper bigbrspeedf cirhputationl GchnigGg @nhd sydtemefodx
and Cry : | r I iz I verdt | i rection

Fespect | vorimang jmBBE i Esk by Wliiof Mg, oBRe HEESHER p dhOBESHRBoR I ca
i n the arpariguldr, thisioyentionm makes use of sharpness values computed for partitioned regions

of a test image and multi-resolution interpolation of PSFs of certain partitioned regions of
the image to enhance the computational efficiency. More particularly, this invention
provides a technique to enhance the system performance by automatically determining a
focus plane of the system based on the computed sharpness values and PSFs

associated with certain partitioned regions of the test image.
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shar pness val ues may be cal cul ated in other manners w thout departing from
this invention The conputed sharpness val ue of the sub-region is
then conpared with a first threshold value, Ti, in step 205. The purpose of
conparing the sharpness value to Ti is to mnimse the inpact of inpulsive
noi ses on the sharpness val ue obtained. In the described enbodi nent, a
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sane manner. as the sharpness val ue calculated in'ste I's st
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hand in step 2 har pness val ue cal col ated in st I's greater
than Ti, wrpiepteérwaw@ledbw&chgﬁproseq’c@rqthermeﬁ:tﬂd inage Im&bsm@rmmezrm

t hat subrm%qg1|s at a sufficient focus depth. As such, the conmputed
sharpness value is stored in the calibration data in a nenory associ at ed
with the processing unit. The conputed corrected sharpness val ue
for the filtergad q&gh eC r t | ue,
T2 in step 208 P opraPnih AREeCUPR oyl b BroRBee Hay i pERNG K7
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i's not grggter f éaw@%FQK&@éﬁgwh%ngﬁglnverse PSF) for the filtered
sub-region is calculated in step 2W In the described enbodi nent, the PSF
i's cal cul ated pridedsiAg kyQesli 10RNAEIGHS c@%%@&é@(ﬁ@ UN?(cﬂfU)thfs f@vsmmshéx =
e 22 2go- where cx is a constant > 0. However, otfRer method
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st eps 203hedM213 are repeated for each of the remaining sub-regions of the
test inmage until all sub-regions are being processed. Wen all sub-regions
of the test inmage are conpletely processed, the processing unit wl|
calibrate an o%ungnwalatlien@g@oasigib suple as edreasl QalyiMemeiydR is ¢grnected to
proj ecti on AhSn
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i mage ontQPeEAtgvefigee sulFRysiems of etesRinD AYstent 6@8§éd tp lpegethessystam @¢ stadt-ont o
a surface. I n accordance with the described enbodinent, a third

| evel of conputational efficiency is provided by using the difference in
shar pness val ues between two adj acent sub-regions of the test inmage to
determ ne the nunber of interpolation p8ints needed for estimating the PSF
for a sub-region. The corrected sharpness value of a filtered subregion
that is required for PSF conputation is conpared wth the sharpness val ue
of a sub-region adjacent to the filtered sub-region to determ ne how nany
i nterpol ati on poi nts needed between the two adjacent sub-regions. In
accordance wth the described enbodi nent, a standard interpolation is used



i) x 100% 5 30% sharpness value 2 (sharpness value] - sharpness val ue 2)
U x 100% > 30% and <80% and sharpness value 2 ... (sharpness val uel
-sharpness value 2) ni) x 1009%80% sharpness value 2 |If the sharpness
di fference between two adj acent sub-regions is |less than or equal to 30%
one i nt er p &Pn#Killesl inthe art willeecognizetthat astyanupres of types$ ef mamenbwanbe nisedo
adj acent syBaKEA MRSfuhSioRr €at er than 30% but |ess than 80% two
interpolation points are used. If the sharpness difference between two
adj acent sub-regions is greater than or equal to 80% four interpolation
poi nts are use ; e e h Ltfe } r S . S
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al t hough tMeNangikeexagt fypeged is 6% agiavdegign dhaice te those siledipsth¢iarte. 30% >
30% and < 80% ?. 80% in accordance with the descri bed enbodi nent of this

invention, the sharpness difference can be any other ranges wthout
departing fromlfhievigni@htkehrashd3s.ispiay 14 rmeniesi 9, obwiotedevice 5@ end
skilled i Bnf Benfet of biHer IIAHERRA! VIR SBhebEtd Poai% e {%%*]cﬂgn SYalh @fh
near est - nei ghbour interpolation. R accordance with Sone

enbodi menCEbfl 0% Hersusenineaprlioationarbeinth axeaashby iGP4 96 eml/fedéicerdAtds may be
provi ded vaiééttﬁétrﬂéﬂgﬂﬂsaan“d?b‘?é‘?cé?&é%”&até%n‘f'lﬁiL9'1'6§. tkéé,b%%“%?%s%té QBifie
the image capturing device and/or the projection device In accordance wth
t he det er HiPgeef F@dDat recaives uFereinpelsand frensmito diet inpat tos CREE €0y Mdisplay tiH@r
based on SR [ AV val ater
Chan a prCOelor ey T i L A6 B0 Ry Ko 2 BR8T o d B
val ues foMeaary 44bis2geves that tranemitseand fegaiyes datado@ndiftosm CEUIH]Sefladstooingt he
type of a icatl a LSl i } I LNt he
art. R B Ntk e 250 oS P ORI R P Hole S or bRkl
conput at i datatte@ndifrgoreother pratedsingzyatpnistage blur in a projected image. It is
expected that those skilled in the art can and wll design alternative

enbodi nents that infringe on this invention as set forth in the follow ng
cl ai ns. Figure 2 illustrates a flow diagram of process 200 for minimising image blur when

projecting an image onto a surface using a test image projected on the same surface by a
projection device. The test image is an image with feature markers. An example of a test
image is illustrated in Figure 3. Test image 300 includes 8 rows and 10 columns of
identical crosses. Each cross is in a region of the test image that is a specified number of

pixels in height and length.

The computational efficiency of a process in accordance with this invention is
elaborated in the following example. A three-dimension (3D) microscopy requires many
layers of image imperfection compensation which are computationally time intensive. For
example, if one direction has 100 layers image compensational processes, thus 3
dimensions (x,y,z) would require 300 image compensation processes. If the
computational time required for an image with a resolution of 1 mega pixels per image
frame is 10 minutes, 300 image compensational processes could take 50 hours (300 x 10
minutes) to perform using existing systems. The time taken could be even longer when

image resolution increases, such as 500 hours for 10 mega pixels resolution. To resolve
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Clainms: 1.A systemfor mnimzing i mage blur conprising: instructions for

directing a processing unit to: 1. receive a test image captured by
an image capturing device, 2. partition said test image into a plurality of
sub-r egi ons, 3. calculate a sharpness value for one of said

plurality bf publesgi ensysiemsdn dacoestancenydh the present. indsttiennimerovest ther
sald shar Doga.iRindPufid by il BEA%oftes el i Bidthg 3Ll ural T 1Y of
sal test” | S J I than g |

sub-regions o mage | reate rst’ threshol d val ue,
5. filter said one of said plurality of sub-regions of said test inmage to

generate a fil t-pfed subsLEHRE df nthirseﬁggrgﬁ)?\. Fn@o@e%%grgqsg&t @nci gt sad
sharpness value is not greater than sal I rst thresho val'ue; 6.
cal cul at e c@lie@gtiprstepdndtibe prrasscorrgliian stop. Saridg the ¢ammerd-baaéd egliboation step,

7. det ' . i d. J | i rotl
cecond t hroCRnl egay s hecieP REAREL RbraRRIRFES d¥ el SuhSechiBinBlprbBBBa oty
for said fimegerigdcaptiseediyoa damaraspoins@urrpse dfether nalibaatioonstehas teabudld a

correct ed QRACPARRPcY Betfedrs pRIL S GBLEFes (ANordfcthrSESHatkl) @RR0LehnyRLue:

and
features (in camera coordinates). After analysis of a captured test image, calibration

information (e.g. sharpness values, etc.) about how to correct an original image is
determined. During the image correction step, an original image is corrected according to
the calibration results so that blur is removed / minimised when projecting the original
image onto the display surface. The aforementioned procedure may be repeated for
more than one test images for better calibration results. A process in accordance with

this invention may be applied to both uniformly and non-uniformly blurred images.

Process 200 begins in step 201 by receiving a test image. The received test
image may be an image of the test image projected on a surface by a projection device
that is captured by an image capturing device, such as a digital camera. The image
capturing device then transmits the test image to a processing unit performing the
processes in accordance with this invention. The image capturing device may be

configured either internal or external to the processing unit.

Once the image is received, process 200 partitions the test image into sub-regions
in step 202. Preferably, the test image is partitioned into equally sized sub-regions.
However, the exact number and size of sub-regions of the test image is left as a design

choice to those skillked in the art.

In step 203, a sub-region is selected. In step 204, a' sharpness value for the
selected sub-region is calculated. In the described embodiment, the sharpness value is

calculated using the Sobel operator as follows:
1
— (z ze +Gy2 ),
n
where Gx and Gy are Sobel operators for horizontal and vertical directions respectively;

and n is the number of pixels in the sub-region. One skilled in the art will recognize that



9. store said point spread function (PSF) and said corrected sharpness

val ue of said filtered sub-region in calibration data stored in a nenory;
and a nedi a readabl e by said processing unit for storing said instructions.
2. The systemof claim1l further conprises: a projection device for

proj ect i ngharrness Valkgge et ke dakulatest én aheheaspsisewitadutciepaning frort His
conpri ses:jpvention an i mage capturing device for capturing said test inmage
and providing said test inage to said processing unit. 4.The system of

claim1l wherein said instructions further corrpri se: I nstructions
for directing Sﬁiedc&ﬁ&ﬁéé%hﬁr%né@ batb® oP 4 QuBRdlor? RAIHRASSAnILRLY Gl o iRl
one of said plurality regions in sal ratlondta stored In

said menmiPigsheld ﬁ@h@l V6 ip gten 205t e mams&pftq@mpagag dw%mmgyaw todtiis
greater tRhamipmhie fthé %péé@%ﬁ@%h@w&%&@es tﬂ@%hﬁ%ﬁt REEMALe tg'%lﬁé&' WhehEg! n

said instructions further I ons recting sai d
pr ocessi nglegeriked: embediments gi kighesr sheernegs shlveperssespordute @fShgmed impge,dreed

sub-regi onfeBenNgr M 6d §LFP>Lre§i%hd Iﬁ%c@r‘rdaﬁ@é %tﬂltHfsaéﬁBadn(ﬁtents% lﬁﬁgﬁl%ﬁl lhr\{’n%a' d

calibration data stored in said nenory responsive to a deternination
sai d cor r é@gedofs#htpessovayareTi §agrb@a%’rmtnm angiin asp cange withasd ldebartingl ue.

with this invention and is left as a design choice to those skilled in the art based upon, but
not limited to, the images being captured and the method used to calculate the sharpness

value.

If the sharpness value calculated in step 204 is not greater than T1, a filtering
operation is performed on that sub-region in step 206 to generate a filtered sub-region.
The filtering operation may be any filtering operation including, but not limited to, median
filtering, Weiner filtering, and any other filtering method that removes impulsive noises. A
corrected sharpness value is then computed for the filtered sub-region in step 208.
Preferably, the corrected sharpness value is calculated in the same manner as the
sharpness value calculated in step 204. This step provides a first level of computational
efficiency enhancement as filtering is only applied to sub-regions that are not greater than
T1. On the other hand in step 207, if the sharpness value calculated in step 204 is
greater than T1, no filtering operation is required for that sub-region because that sub-
region is at a sufficient focus depth. As such, the computed sharpness value is stored in

the calibration data in a memory associated with the processing unit.

The computed corrected sharpness value for the filtered sub-region is then
compared with a second threshold value, T2, in step 209. T2 is preferably less than T1
and more preferably substantially less than T1. In the described embodiment, T2 is in a
range of 1 to 20. However, T2 can be any number and in any range depending on, but
not limited to, the requirements of the system and method used to determine the
corrected sharpness value. Thus, the exact T2 is left as a design choice to those skilled
in the art. If the corrected sharpness value is not greater than T2, a PSF (or an inverse
PSF) for the filtered sub-region is calculated in step 210. In the described embodiment,

the PSF is calculated using a two-dimensional Gaussian k(x, y) of the form:



6. The systemof claim1l wherein said instructions further conprise:

I nstructions for directing said processing unit to apply said instructions
3to 9 to each of said plurality of sub-regions of said test inage. 7. The
systemof claim®6 wherein said instructions further conprise:

instructions for directjng éa;d processing unit to calibrate an inage based
on said cal|brak09ﬂ)ﬂa%a—®eﬁérn1ned fromsaid plurality of sub-regions of
said test image. 8. Tﬁéasysten1of claiml1l wherein said instructions to

partition airél &RSH cbARER £ QTPHbREVer, other methdit foPQJE{e‘Pr'ﬂ?mrfgofhedPé?%éWQeSa' d
processing unit to partition said test | mage into equal |y "si zed

sub- r egi o$ed gvithprk departiegniigm Bisainyentiomne AdPn theaPEFi Iaseloutateb ribe tRSF and
cal cul at e 3akEted RRERMRSS VYIRL Ufe CRITRY 'insgalh ration dath W\S}H E\Ehﬁﬂfagéyg'%écf @fth! N9

sai d proceSS| ng unit to calculate said arpness val ue usi
oper at or . th® Pragpssingsteiminrstep A1 1 Ueeresohltioni of PSSt compitehien tip ipwireelyat e

sai d corr epbRicRAPMETOréBleH RnEPIBEL $8ue of that sub-region. Accordingly, the higher
the sharpness value of that sub-region, the lower the resolution of PSF computation for

that sub-region. This provides a second level of computational efficiency enhancement.

If the corrected sharpness value is greater than T2 in step 209, no PSF
computation is required for that sub-region. This is because that sub-region is at a

sufficient focus depth.

Step 213 then determines whether all of the sub-regions of the test image have
been tested. If not, steps 203 to 213 are repeated for each of the remaining sub-regions
of the test image until all sub-regions are being processed. When all sub-regions of the
test image are completely processed, the processing unit will calibrate an original image
using the stored calibration data before projecting the image onto a surface. As such, an
image is said being calibrated or pre-conditioned to remove blurring before projecting the

image onto a surface. Thus, a substantially focused image is projected onto a surface.

In accordance with the described embodiment, a third level of computational
efficiency is provided by using the difference in sharpness values between two adjacent
sub-regions of the test image to determine the number of interpolation points needed for
estimating the PSF for a sub-region. The corrected sharpness value of a filtered sub-
region that is required for PSF computation is compared with the sharpness value of a
sub-region adjacent to the filtered sub-region to determine how many interpolation points
needed between the two adjacent sub-regions. In accordance with the described
embodiment, a standard interpolation is used in the sense that the number of
interpolation points needed for estimating the PSF for a sub-region is determined based

on the differences in sharpness values as follows:

(sharpness valuel - sharpness value 2)

i) x 100% < 30%;

sharpness value 2



I nstructions for directing said processing unit to calculate said corrected
shar pness val ue using a Sobel operator. 11. The systemof claim1l wherein
said instructions to calculate said point spread function (PSF) conpri se:
instructions for (gljnrect i Qé s]?i dhpr oces;i ng) uni t tof calculate a nurrberdof

i nt er pol ati on pQi(paspreseviede if oshapiess pauat) spregd tian {BSF) pased on
difference in 2' ar pness ghalpdes vagleween two égjogi"eﬁt g(gb%t?-n égé(gﬁsg'b(f said
test inmage. 12. The systemof claim 11 wherein said instructions to

cal cul at e sai d .nuishapnesk valat ErF pbhphesvahei2it s fg} >s%i %"I poi nt spread _
function (PSF) 'tonprise: g Rsktuehadns for dif g9 d processing unit
to: cal cul ate a percentage of change between a sharpness val ue of a
first one of said plurality of sub-regi ons (sharpness value 1) and a second

f [ I ' b- ' h [ 2), wh [ ai
o0t SelP B MY Bl RS SRIE SR RS B0 R
shar pness 30, .wmeAhtetpaidimnogt $s usédie Ifiha sh%ﬁessddiﬁerencde)bm&én?mc:] adjhcemne
[ | at ' ' ' to.said. 1 . chan ein
| bse [ S5 Tediohds drEaBERAR Sob BRORSE i of AP BBt Rh e e ot o
ar e needethe esgrpnessvdifférensa bdtweencent adjac ari:lt suhwm;mf @Bigwgatlgr dadreor edpan t80%

d | o . . det ' t hat i nter ation points are
noadeq e S0 heRifion poinis AREEE AR LB Wtk e A Bcs R e ety na
to 80% 1Salughbetyesnawocddjadeat sultregiersepreferablg the stosesttnetgtbolitistihesgions,
conpri se:

more interpolation points are required. This provides better accuracy and at the same
time achieves computational efficiency. Although one, two and four interpolations points
are used in accordance with the described embodiment of this invention, the number of
interpolation points to be used can be in any number depending on the resolution of the
original images and is left as a design choice to those skilled in the art. Further, although
the sharpness difference is divided into three groups (i.e. < 30%; > 30% and < 80%:; =
80%) in accordance with the described embodiment of this invention, the sharpness
difference can be any other ranges without departing from this invention and is left as a
design choice to those skilled in the art. The interpolation may be in any direction, such

as nearest-neighbour interpolation.

In accordance with some embodiments of this invention, an enhancement in
system performance may be provided by determining a focus plane and changing the
focus position of the image capturing device and/or the projection device in accordance
with the determined focus plane. The best focus position is determined either based on
the highest number of sub-regions having sharpness values greater than a pre-
determined threshold value, or the highest average sharpness values for all sub-regions
of the test image. The choice is depends on the type of application and is left as a design
choice by those skilled in the art.

The above describes a system for that provides a high speed computation
technique for minimizing image blur in a projected image. It is expected that those skilled
in the art can and will design alternative embodiments that infringe on this invention as

set forth in the following claims.
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instructions for directing said processing unit to determne a total nunber
of sub-regions of said test inmage having sharpness val ues greater than a
predeterm ned threshold value. 14. The system of clains 13 wherein said
instructions further conprise: instructions for directing said
processi nglaMms: to change focus position of a projection device based upon
said total nunber of sub-regions of said test inmge having sharpness val ues
greater than said pre-deternm ned threshold value. 15. The system of clains

13 wher ei A- sai d\ $ystam fesminimizingiimagerblegeprirising: instructions for
directing said proc i Lt it O ition of an inmage
capturing device au??%?&c%ﬁ?@dlteggg%gﬁg%ﬁgggggmit?(g)l?aI nunber of subregions

of said test image havi nd. &ttaivpreeisst inabeaespigrastyean intepe ceptuwlingrdediseer ni ned
threshol d value. 16. The ?é(r%ﬁ&?%é%& tﬁh£§e]1'n¥g”§F@Féﬁtﬁ&'s‘éblr@%&ﬁé’m' ons
or ting sald p

further conprise: instructlons Irec rocessing urit to
cal cul ate an aver age shadpprisyated sharprassyalug fpi encadfisaid Pfradiyiofseli ons of

sai d test image. 17 gdhe éf%%?oetgkﬂfna%éai ms 16 wherein said instructions
further conprise: instructiofs for directing said processing unit to

change focus position of 4adgieopisemhethedseidcbatmmess vaipesalsulatedfoesaigene
sharpness val ue for o?ééiaﬁmréi&y%ﬂ §%3%Fioﬁ§%f££8%é§@§?§ﬁ%i§§k&téﬁﬁ5n LiRge. 18.

The system of claim 16 ereln sal nstruct1 ons conpri se:
instructions for di thseshaldvalee.d processing unit to change focus position of

Val e Tor said plurali ty of s qpeart i lARgRy PRt R S SaRRBCRARRRE T |
of claim1 wherein ganerats g filterethpelrration naksronss to a datarmmgdonthat saidpness
val ue 21 to shar pneggahALiSyaAm is not greater than said first threshold value,
6. calculate a corrected sharpness value for said filtered sub-
region,
7. determine whether said corrected sharpness value is greater
than a second threshold value,
8. calculate a point spread function (PSF) for said filtered sub-
region in response to a determination that said corrected sharpness value
is not greater than said second threshold value, and
9. store said point spread function (PSF) and said corrected
sharpness value of said filtered sub-region in calibration data stored in a
memory; and

a media readable by said processing unit for storing said instructions.

2. The system of claim 1 further comprises:

a projection device for projecting a test image onto a surface.

3. The system of claim 1 further comprises:
an image capturing device for capturing said test image and providing said

test image to said processing unit.

4. The system of claim 1 wherein said instructions further comprise:
instructions for directing said processing unit to store said sharpness value

of said one of said plurality of sub-regions in said calibration data stored in said

11



20. The systemof claim1 wherein said second threshold value is in a range
of sharpness value 1 to sharpness value 20. 21. The systemof claim1l
wherein said instructions to filter said one of said plurality of
sub-regions of said test image is perfornmed by a filtering operation. 22.
The system of dNeINeRy2aspaneiveima dategminafiorthiahepio searanesavalge isereatar than
filtering. 23. JIh&irsMatend@fatbal m 1 wherein said point spread function
(PSF) resolution is inversely proportional to one of said sharpness val ue
and said corrected sharpness value. 24. A nmethod for mnim zing i mage bl ur

with a digtal 1peQgess &%l%sltmr‘éﬂ"g%? ﬁgﬂ?lgcitiogs further cdmprigCel Vi ng a test
i mage captured by an 1 mage capturing device, 2. partitioning said test

i mage into a pl ural insjrugfonsfer ¢dieagtionsaid processing gnit nstord said agrectechar pness
val ue for one Qf 55/l A s_FEH O ' ¢ slurali

4. determning mﬂ@?ﬁ%%‘gﬁ%ﬁm'gﬁ%ﬁ@% Ue _aeg:{}?gfd éga@gor%tes%ir.gg%n%raw said
plurality of s@bsulerginns insaidgalbraten datastpsed i spicaremony fespomsive tost

threshol d val Ugetermination trat sdibi lcbfEtBd sﬁ?rjtoge%r\%l tigﬁéﬁ%rptb% abiitobcOid

sub-regions of said test Image to genera -region 1n
response to a d¥eehald Walte.on that said sharpness value is not greater than
said first threshold val ue; 6. calculating a corrected sharpness

value for said filtered sub-region;
The system of claim 1 wherein said instructions further comprise:

instructions for directing said processing unit to apply said instructions 3 to

9 to each of said plurality of sub-regions of said test image.

7. The system of claim 6 wherein said instructions further comprise:
instructions for directing said processing unit to calibrate an image based
on said calibration data determined from said plurality of sub-regions of said test

image.

8. The system of claim 1 wherein said instructions to partition said test image
comprise:
instructions for directing said processing unit to partition said test image

into equally sized sub-regions.

9. The system of claim 1 wherein said instructions to calculate said sharpness value
comprise:
instructions for directing said processing unit to calculate said sharpness

value using a Sobel operator.

10. The system of claim 1 wherein said instructions to calculate said corrected
sharpness value comprise:
instructions for directing said processing unit to calculate said corrected

sharpness value using a Sobel operator.

11. The system of claim 1 wherein said instructions to calculate said point spread

function (PSF) comprise:
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7. determ ning whether said corrected sharpness value is greater than a
second t hreshol d val ue; 8. calculating a point spread function
(PSF) for said filtered sub-region in response to a determ nation that said
corrected sharpness value is not greater than said second threshol d val ue;
and 9. st oriingrustiens feotinectiogsedprecassingamit(PsHyulaied Bémbercdr r ect ed
shar pness val u ' | S Tel ' | ' tored in a
menory. 25. Th?%&%ﬁ%’gq&%m& g%%%gjy%uaﬁfﬁgﬁps (ggn%dr:ﬁlblb%ﬂ#wbggé@%r?orl ng said
shar pness val uddiifgreres ig sbawness walies patwean twoadjacanyub-eegiensofisaidstastd
calibration dati@‘aég_ored in said menory responsive to a determ nation that
sai d sharpness value is greater than said first threshold value. 26. The
nmet hod of claim 24 further conprising: storing said corrected

shar pness 9al UerRfsySfinflof daibf B SUR-JRINARuARAE IPLALLIARTaRA M Gr Of sal d

plurality of sub-regions in said calibration data stored In said nenory
responsi ve to dniggrcatienmaintsier saidrokdspread functioe (PSHegopiise: val ue is

greater than said Sqg&gﬁt“s’wﬁﬁ8‘%&%%%”3’%550‘%3@2@““0 t hod of claim 24

further conprising: applylng steps e said plurality of
sub-regions of said test dalfiipde apgreeniagemschargalbetyban msharrngss valve of a

conpri sing: first one of said plurality of sub-regions (sharpness value 1) and a second

one of said plurality of sub-regions (sharpness value 2) wherein said
percentage of change is determined by this equation: (sharpness value 1 —
sharpness value 2) / sharpness value 2 x 100%;

determine that one interpolation point is needed responsive to said
percentage of change being less than or equal to 30%;

determine that two interpolations points are needed responsive to
said percentage of change being greater than 30% and less than 80%;
and

determine that four interpolation points are needed responsive to

said percentage of change being greater than or equal to 80%.

13. The system of claim 1 wherein said instructions further comprise:
instructions for directing said processing unit to determine a total number
of sub-regions of said test image having sharpness values greater than a pre-

determined threshold value.

14. The system of claims 13 wherein said instructions further comprise:
instructions for directing said processing unit to change focus position of a
projection device based upon said total number of sub-regions of said test image

having sharpness values greater than said pre-determined threshold value.

15. The system of claims 13 wherein said instructions further comprise:
instructions for directing said processing unit to change focus position of
an image capturing device automatically based upon said total number of sub-
regions of said test image having sharpness values greater than said pre-

determined threshold value.
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calibrating an i mage based on said calibration data determ ned from said
plurality of sub-regions of said test inmage. 29. The nethod of claim 24
further conprising: partitioning said test imge into equally sized
sub-regions. 30. The nethod of claim 24 further conprising: calculating
sai d sharpness val ue usi ng a Sobel operator. 31. The nethod of claim 24

further cogpri Sﬂf%%ys%ﬂ’l %h 1%h gfndsa?oom ﬁ&c%t %ﬁgﬁ\epgﬁﬁﬁns\éal ue using a

Sobel operat or od o clali m conpri si ng:
calculating a nurrberinStSIfUCtIWtSéplderei:tm@aalpmfme§81n9eldé©b ¢ajeulataiath gyerage spread

function (PSF) sﬂéﬁa%@s&@aigé fofr%’é’bg@aﬁ@ro%\% o 8}‘%&&5&%&@“ two adj acent

sub-regions of sard test arm Wherein said
cal cul ating said nunber of i nterpol ation points for said point spread

function (17SF) 1ilrd be E%wheref\m saldq el S’ﬁdéfﬂﬁ cf&ﬁp?%@l age of change

bet ween a sharpnes one sal of sub-regions
(shar pness val ue 1) I@i@lctap@éobdlcbcbr@s@ﬂ pscsuaSSlpguunalto d}angfe f@cub rosgioos a

(shar press vl HioiBlioMENEE Rosdl (oaeLAeBlaitg, HhadandarlehgTilrboly 1 1<

equation: (sharpness val ue ness v ness "va

100% d§ub1f®@lﬂmsn@f seftblesidm@gént er pol ati on point is needed responsive
to said percentage of change being | ess than or equal to 30%

determ ni ng that two interpolations points are needed responsive to said
per cent agdSof dharsysteedfmpingriéartareinisaid iBeuciaos fustber cdrapris®0% and

determ ni ng that foéﬂsb BRG] &Fécﬂﬂg EQH ’bﬁce%éﬁg[&ﬁﬁgoe%m%%&ﬁi pRithoR oF 21 d

percentage of chang el ng greater
an image capturing device automatically based upon said average sharpness

value for said plurality of sub-regions of said test image.

19. The system of claim 1 wherein said first threshold value is in a range of sharpness

value 21 to sharpness value 25.

20. The system of claim 1 wherein said second threshold value is in a range of

sharpness value 1 to sharpness value 20.

21. The system of claim 1 wherein said instructions to filter said one of said plurality of

sub-regions of said test image is performed by a filtering operation.
22, The system of claim 21 wherein said filtering operation is median filtering.

23. The system of claim 1 wherein said point spread function (PSF) resolution is
inversely proportional to one of said sharpness value and said corrected

sharpness value.

24, A method for minimizing image blur with a digital processing system comprising:
1. receiving a test image captured by an image capturing device;
2. partitioning said test image into a plurality of sub-regions;
3. calculating a sharpness value for one of said plurality of sub-regions of

said test image;
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34. The nethod of claim 24 further conprising: determ ning a total
nunber of sub-regions of said test inage having sharpness val ues greater
than a pre-determ ned threshold value. 35. The nmethod of clains 34 further
conpri si ng: changi ng focus position of a projection device based
upon sai d total nunberdetérmsﬂﬂywbghmicbéhaahehst\enle daﬂm@edna)risag! csdmaffpness

val ues greater ¢ d . pr threshold v t hod of
chatme 94t urt HER QYR e RHEETeR Bk OrRat Rttt tR wiesnd mge
capturing devi omldggased upon said total nunber of sub-regions of said test

. , hol d
Val de. 37, The mot nod TSFS SR 0t i R hstppdighe Sl B2Eiielis®e T ng an

aver age shar pnagEneradé aélltér(eld ssmrelglprh ur @bpansedd asddnemmgatone‘.hatfsamasrdrpmsts

i mage. 38. The Ay 37. er.c si ng: changi ng focus
position of a pvggijt egg'log © gwh(?g Sglf{fﬁ tF{eéQP sed upon sai d average

shar pness val ue for Gaadulaling alcotrycted ssarbnesgvaiuesfoobaig diltdretiastib-regiage.  39.
The nethod of clai m%%e{el%'fnbn%rwhémgrrsla? Qgri'ected sharpness value is greater than a
second threshold value;

8. calculating a point spread function (PSF) for said filtered sub-region in
response to a determination that said corrected sharpness value is not greater
than said second threshold value; and

9. storing said point spread function (PSF) and said corrected sharpness

value of said filtered sub-region in calibration data stored in a memory.

25. The method of claim 24 further comprising:
storing said sharpness value of said one of said plurality of sub-regions in
said calibration data stored in said memory responsive to a determination that

said sharpness value is greater than said first threshold value.

26. The method of claim 24 further comprising:
storing said corrected sharpness value of said filtered sub-region
generated for said one of said plurality of sub-regions in said calibration data
stored in said memory responsive to a determination that said corrected

sharpness value is greater than said second threshold value.

27. The method of claim 24 further comprising:
applying steps 3 to 9 to each of said plurality of sub-regions of said test

image.

28. The method of claim 27 further comprising:
calibrating an image based on said calibration data determined from said

plurality of sub-regions of said test image.

29. The method of claim 24 further comprising:

partitioning said test image into equally sized sub-regions.
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changi ng focus position of an image capturing device automatically based
upon sai d average sharpness value for said plurality of sub-regions of said
test inmage. 40. The nmethod of claim24 wherein said first threshold val ue
is in a range of sharpness value 21 to sharpness value 25. 41. The net hod
of claim 24 wherein said second threshold value is in a range of sharpness

val ue 1 tgosharm%éhg@gﬁaigfyf@ﬁher;ll'&g?rgpgg od of claim 24 wherein said

filtering said one of sa pluralit ub- regions of said test inmage is
performed by a filt éRichigtingseaidishamneasyalqnesingalfdebdpasaiar.m 42 wherein sai d
filtering operation is nedian filtering. 44. The nethod of claim 24 wherein
sai d point spread function (PSF) resolution is inversely proportional to
one of saitd- shdihgmeeiBod, af Gk ugherdcarenTiset ed shar pness val ue. 45. A

system for m ni m zi ngicLARAS sAH Ybrribibd sRamBhOSERR Gt h isob 8BSt 9-

circuitry configured to receive a test 1nage captured by an | mage capturing
devi ce;
32. The method of claim 24 further comprising:

calculating a number of interpolation points needed for said point spread
function (PSF) based on difference in sharpness values between two adjacent

sub-regions of said test image.

33. The method of claim 32 wherein said calculating said number of interpolation

points for said point spread function (PSF) further comprise:

calculating a percentage of change between a sharpness value of a first
one of said plurality of sub-regions (sharpness value 1) and a second one of said
plurality of sub-regions (sharpness value 2) wherein said percentage of change is
determined by this equation: (sharpness value 1 — sharpness value 2) / sharpness
value 2 x 100%;

determining that one interpolation point is needed responsive to said
percentage of change being less than or equal to 30%;

determining that two interpolations points are needed responsive to said
percentage of change being greater than 30% and less than 80%; and

determining that four interpolation points are needed responsive to said

percentage of change being greater than or equal to 80%.

34. The method of claim 24 further comprising:
determining a total number of sub-regions of said test image having

sharpness values greater than a pre-determined threshold value.

35. The method of claims 34 further comprising:
changing focus position of a projection device based upon said total
number of sub-regions of said test image having sharpness values greater than

said pre-determined threshold value.
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circuitry configured to partition said test inmage into a plurality of

subr egi ons; circuitry configured to cal cul ate a sharpness val ue for
one of said plurality of sub-regions of said test inage; circuitry
configured to determ ne whether said sharpness value cal cul ated for said
one of sai3§. pl dihgimethodbf daimsr3dudimer aompsiaind: t est i nmage is greater than a
first threshold val ye; L.L CUJ . fl . I id.one of
said plurality of s&ﬁ??%rg]ﬁ g)r?gs Bgélg%fgg%%'g%%?%gfe%ﬁgdé\gﬁéelr)%%egd’uaosoﬁ sldc\'cgr ed
sub-regi on in relepumizeriodseb-thgiansmf saiditest imhge havdngisisdrpngasestuesajremer s not
greater than sgid, &g BFe-éélér‘ﬁ'ﬁrtﬂéH Arbleraiue circuitry configured to
calcul ate a corrected sharpness value for said filtered sub-region;
circuitry configured to determ ne whether said corrected sharpness value is
greater than a % . Circuitry configured to
calculate a poi@?@%ﬁ%%gfﬁﬂﬁgffgﬁﬁ 'llg%ﬂpr%n ‘said filtered sub-region in
response to a det er gRlsulatinghan hegragaisbarpoesseeeaifos haid phesldy vhsukeragons af
greater than sabg 386948t hreshol d val ue; and circuitry configured
to store said point spréad function (PSF) and said corrected sharpness
value of said filtered sub-region in calibration data stored in a nenory.
46. The sygte I : %ﬁqﬁg |NQ: circuitry configured
to store sai dngﬁgrngé%@d&ﬁ I&Leg%ﬁmé%f r]r[esﬁ{gf said plurality of sub-regions
in said calibrati oncbangingfosuedositiorsefi alpreiactiory dedepautsinaticdly based upon
determ nation {hat j - : A said. fi

t hreshol d val u%géfy.é a’?%eﬁg snte gsﬁ?%%‘gg#r%? Indl @%&pﬁﬁf%&? P%r&ssg}%éegﬁhage'
circuitry configured to store said corrected sharpness val ue of said
filtered gyb-req] . i of said plurality of sub-regions
in said ca?'i br ?F%tﬁgﬁlﬁgjﬁﬁﬁé@f?ﬁg@ﬁmy responsive to a

det erm nation that shéngingioces pesiticrhefrgmiesge\rapiueng segceattematinally w=aied

second t hresho|,d,yaliH@verage sharpness value for said plurality of sub-regions of said test

image.

40. The method of claim 24 wherein said first threshold value is in a range of

sharpness value 21 to sharpness value 25.

41, The method of claim 24 wherein said second threshold value is in a range of

sharpness value 1 to sharpness value 20.

42, The method of claim 24 wherein said filtering said one of said plurality of sub-

regions of said test image is performed by a filtering operation.
43. The method of claim 42 wherein said filtering operation is median filtering.

44, The method of claim 24 wherein said point spread function (PSF) resolution is
inversely proportional to one of said sharpness value and said corrected

sharpness value.

45, A system for minimizing image blur with a processing unit comprising:
circuitry configured to receive a test image captured by an image capturing

device;
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48. The system of claim45 further conprising: circuitry configured
to apply said circuitry of said systemto each of said plurality of
sub-regions of said test image. 49. The system of claim48 further

conpri sing: circuitry configured to calibrate an inage based on said
calibration data detdFwimeenfigute todieditionseisl testymege intamégalinef efb-sai d t est
I mge. 50. The réyishem of claim45 further conprising: circuitry

configured to partition said test image into equally sized subr egi ons. 51.
The system of cl ai masuifry eenfigurasoamelcsiatgya sharpness vdlyecior png oteaid plywalid t o

cal cul ate said .3Ba5-ROfHS of 8hidGediFhage;2 Sobel operator. 52. The system of
claim45 further conpri siong: % ge’ci rcuit r%/ configured to calculate said

corrected shar pness Va¥iie coFionrdeo Setrsminspehethersaibsharmessypbiecralaated ai m
45 further compgdsHid\dhe of said plurality of sub-regions of said test image is greater than a first

threshold value;

circuitry configured to filter said one of said plurality of sub-regions of said
test image to generate a filtered sub-region in response to a determination that
said sharpness value is not greater than said first threshold value;

circuitry configured to calculate a corrected sharpness value for said
filtered sub-region;

circuitry configured to determine whether said corrected sharpness value is
greater than a second threshold value;

circuitry configured to calculate a point spread function (PSF) for said
filtered sub-region in response to a determination that said corrected sharpness
value is not greater than said second threshold value; and

circuitry configured to store said point spread function (PSF) and said
corrected sharpness value of said filtered sub-region in calibration data stored in a

memory.

46. The system of claim 45 further comprising:
circuitry configured to store said sharpness value of said one of said
plurality of sub-regions in said calibration data stored in said memory responsive
to a determination that said sharpness value is greater than said first threshold

value.

47. The system of claim 45 further comprising:
circuitry configured to store said corrected sharpness value of said filtered
sub-region generated for said one of said plurality of sub-regions in said
calibration data stored in said memory responsive to a determination that said

corrected sharpness value is greater than said second threshold value.

48, The system of claim 45 further comprising:
circuitry configured to apply said circuitry of said system to each of said

plurality of sub-regions of said test image.
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circuitry configured to cal culate a nunber of interpolation points needed
for said point spread function (PSF) based on difference in sharpness

val ues between two adj acent sub-regions of said test inmage. 54. The system
of claimb53 wherein said circuitry configured to cal cul ate said nunber of
interpolation points for said point spread function (PSF) conprise:

ci reul 1y gonf I o gddrpofaliflehAng RRfGRIATE of change betveen a

sharpness value of "a first one of said plurality of sub-regions (sharpness
value 1) and a secorfcyiy copfigueditoaliprate ef irnageshased aissitscalisrdiopsiets val ue
2) wherein sai iR AR sali dﬁhﬁlf@%fézﬁb-%%ﬁcﬁ{sraf@ﬁg &8t ihBye _equat i on:

(sharpness value 1 - sharpness val ue 2) sharpness value 2 x 100%
circuitry configured to determ ne that one interpolation point is needed

responsi vesot 0 SpiethyRRI SMNIAC1 PSR HGIRRIgNg | ess than or equal to 30%
circuitry configuréd to determne that two I nterpol ations |ooi nts are needed

responsive to sai d pereiEcapiouwsd omanitionssichigshimagednto ehualy3uoadsith-|1 ess
than 80% and regions. Circuitry configured to determne that four

interpolation points are needed responsive to said percentage of change
bei ng greater than or equal to 80% 55. The system of claim45 further

conprising1,  The sa&ie’ir%‘fiéle{ibﬁ @ﬂfth&“&o‘ﬁ%rfsﬂwg@e"erm ne a total number of
sub-regi ons of said test imafge havi ng shar pness val ues greater than a

pre-det erm ned t hr eSHeViEy ganfigeredsig. c tg yaidepmess ualue using uSaledr

conpri si ng: operatéd. Fcui try configured to change focus position of a
projection device based upon said total nunmber of sub-regions of said test
i mge havi ng sharpness val ues greater than said pre-determ ned threshold

val ue. 52.  The system of claim 45 further comprising:
circuitry configured to calculate said corrected sharpness value using a

Sobel operator.

53. The system of claim 45 further comprising:
circuitry configured to calculate a number of interpolation points needed for
said point spread function (PSF) based on difference in sharpness values

between two adjacent sub-regions of said test image.

54. The system of claim 53 wherein said circuitry configured to calculate said number

of interpolation points for said point spread function (PSF) comprise:

circuitry configured to calculate a percentage of change between a
sharpness value of a first one of said plurality of sub-regions (sharpness value 1)
and a second one of said plurality of sub-regions (sharpness value 2) wherein
said percentage of change is determined by this equation: (sharpness value 1 -
sharpness value 2) / sharpness value 2 x 100%;

circuitry configured to determine that one interpolation point is needed
responsive to said percentage of change being less than or equal to 30%;

circuitry configured to determine that two interpolations points are needed
responsive to said percentage of change being greater than 30% and less than
80%; and

circuitry configured to determine that four interpolation points are needed

responsive to said percentage of change being greater than or equal to 80%.
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57. The system of clainms 55 wherein said instructions further conprise:
circuitry configured to change focus position of an inmge capturing device
based upon said total number of 'sub-regions of said test inage having

shar pness val ues greater than said pre-determ ned threshold value. 58. The
system of claim45 further conpri sing: circuitry configured to

cal cul at e 59 avm@%gteﬁﬁgf@gqgﬁ@ NRheecdnristit d plurality of sub- regi ons of
said test image he system of clains 58 further conprising

circuitry configur edC"ECéj't'é/r?&ﬁ&é‘r‘P%tﬂﬁet@@”ﬁ“Q iﬂ(tfﬁaUTU”é)%lobflétteingdéW@éeﬁased

upon sai d aver agg éh@(nﬁ?%ﬁ&pﬁéés‘%ﬁ‘allfé% Sgééabplthehlér&éid%rmne%%egﬁaa%meof said
test 1 mage. 60. T e systemof claim further conpri sing: .
circuitry configured to change focus position of an inmage capturing device

automati cagd. y baged sipobr §ahs %wg,rﬂ@é}%oﬁ{b@igm@ess value for said plurality of
subregi ons of said test inage. . %/F;tuem of claim45 wherein said
first threshold val ﬂcyml%n@w%@éf@ﬂgg pesigory af a erojectipp deyies praesd

val ue 25. upon said total number of sub-regions of said test image having sharpness values

greater than said pre-determined threshold value.

57. The system of claims 55 wherein said instructions further comprise:
circuitry configured to change focus position of an image capturing device
based upon said total number of sub-regions of said test image having sharpness

values greater than said pre-determined threshold value.

58. The system of claim 45 further comprising:
circuitry configured to calculate an average sharpness value for said

plurality of sub-regions of said test image.

59. The system of claims 58 further comprising:
circuitry configured to change focus position of a projection device based
upon said average sharpness value for said plurality of sub-regions of said test

image.

60. The system of claim 58 further comprising:
circuitry configured to change focus position of an image capturing device
automatically based upon said average sharpness value for said plurality of sub-

regions of said test image.

61. The system of claim 45 wherein said first threshold value is in a range of

sharpness value 21 to sharpness value 25.

62. The system of claim 45 wherein said second threshold value is in a range of

sharpness value 1 to sharpness value 20.
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62. The system of claim45 wherein said second threshold value is in a
range of sharpness value 1 to sharpness value 20. 63. The systemof claim
45 wherein said circuitry configured to filter said one of said plurality
of sub-regions of said test inage is performed by a filtering operation.
64. The sy&tem bte tstamrbdaifs whereasaip ¢irquitersaniiowee tafiltessaidsoneeafisais
filtering. 65. ngut§>6$5@5r}ég}‘iorfélo%%4éstms &lsperBhHePBY a,tﬁgé@;]ge@&rémct' on

(PSF) resolution is’inversely proportional to one of sai arpness val ue
and said corrected sharpness val ue.

64. The system of claim 63 wherein said filtering operation is median filtering.
65. The system of claim 45 wherein said point spread function (PSF) resolution is

inversely proportional to one of said sharpness value and said corrected
sharpness value.

21



