TESTI NG AN OPTI CAL CHARACTERI STI C OF A CAMERA COVPONENT [ 0001] Thi s

di sclosure relates to a nethod for testing an optical characteristic
of a canera conponent, using inmge processing techniques. O her
aspects are al so descri bed. BACKGROUND [ 0002] The ability of a camera
t o producdESTINGANAPRTIGAL CHARACTERISAFCIDE ACAMERA € QNARONENT
~in large part by its optical performance. Wth respect to nodern
consuner electronic devices, such as portable conputers (I aptops,
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into relatively small or tightl ousli ng
of the coasieetyareladetdesatribeddevi ce. As the di mensions of the optical
conmponents shrink, including, for instance, the imaging lens itself
and its distance to an inmage sensor at the focal plane, the

phot ogr aph produced by the caner e susceptible to slight
deviations in position and ali gn%&&@ﬁw tical system
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during manufacturing and, in particular, during conponent assenbly of
a camer a toehodern ponshingdr ¢leardrnslemings, seich s pgrabétcorhp0833 Thptapsar e
several te Hmi cal variables that can be Uﬁed_to eval uate the opti cal
per f or man'@g SroNRuREs ang s8Rt BRoneR. apiyel ay i flesiiap cemmuteivy

phot ogr apﬂnﬁlfov%irr?&% t thﬁée)ées h&ﬁgtg%a%ﬁegg ragh%,sfgcé 'rt%%ﬁelg{qz?t%etﬁélsugsg ioé
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al so typi khey mEyAbLA 86ha 86l 5RO rathAYODERGUACHIREARE ihfd MMM tEfIRsmall
shar pness val ue i's cal cul ated over a nunber of different inage

capt ur es ortighdyresnfiaad spraced ivatlandbe hetisegrofahe aomsianéesisctamdicadpliane

of the imge sensor is changed, The auto-focus process, of course,
attenpts 8 the demepdonped hermntreheomropents shppkakiclidiagstosinstgned she
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photograph produced by the camera becomes more susceptible to slight
deviations in position and alignment of the optical system components. For
instance, slight changes in the alignment of a lens relative to the optical axis and
relative to the image sensor can result in image quality degradation. Such
misalignments can occur during manufacturing and, in particular, during
component assembly of a camera module in which the lens may be integrated.
[0003] There are several technical variables that can be used to evaluate
the optical performance of a camera based on the quality of the resulting
photograph of picture. For instance, there are image processing techniques to
measure the sharpness of a photograph. Sharpness is also typically monitored
during an auto-focus process in which a sharpness value is calculated over a
number of different image captures or frames, as the distance between a camera
lens and a plane of the image sensor is changed. The auto-focus process, of

course, attempts to find the optimum location of a moveable lens along the z-axis

(optical axis) that yields the sharpest captured image. Another optical
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characteristic that is often evaluated is distortion, that is whether
a geonetric shape of the object has been distorted (e.g., where a
straight line appears slightly curved). [0004] There are neasurenents
of optical characteristics that are performed on a camera conponent,
such as aHaemderistio fhag isneiterf ecdluatedtiestistogjort, tharis whethéra gedreetric
speci nens rel eased to end users are within a given performance _.
speci f i catiaps.of theobiksl askaensdiplortadde g Wharspetiraight g appeasp slighily
tilt. The_ca )ra conponent is installed in a test fixture while

al i gned v$¥ﬁg§‘target test pattern, and high precision nechanica
measur engghoLONPOnetiSeladl i rAed @98 bphitAthasRUEG&i@MMattrkr Or s are
used together with the needed automatic Pest equi pnent to

mechani capdrforiRes uha daheert icbinppinehbguch e bdeny) dpeiiganGidddRYesting, to
[ 0005] There are tinmes when it is desirable to know whether or not a

| ens has ¢nsene thrddbe spedimiens releespdr ol entd vsers arewithin a ivenuperfepmance
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performance is due to an unintentional shift in the position of the
| ens r el atduree tod phierdrrageuseshigetheForith tlse necded awtematiedestragugpment
canmera nodule that wll be ipstalled into a consuner el ectronic
device, s c‘ﬁe‘él?l‘éc%l%‘@aﬂﬁﬁﬁ e Gt of the |SpRECTR 6HHRPRENL 3 | ens assenbl y
may be installed in the nodule prior to a verification test of the
optical or inmaging performance of the nodul e. Because of the
relatively small dinmensions of suclkyiavoaarya nodule, small shifts or
changes in the position of the lens will inpact the results of a test
whi ch eval008slkes, fofhémestraninees when sthadpsiesse pe khowmerhegheofor noéa lens
canera nmodul e. In particular, during manufacturing of an autofocus
camer a noRf keenjinadugrtertly maveddelativertor; testfbdur aprelafive e kATAET he

f f RS s . iy . one
Form of - sstPoreggalsi it RANGLE Rk bl Myreled, DR BB EREEn bt cus
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hi gh vol une manuf act speci nens of the canera nodul ich nee

bot h | ow dasihganahehttuee esstingest infgrmithe ddtisies.asltd Wwiasheete 1bnsitself
that a techni gue i s needed to determ ne when such an event has
occur r ed, hama dateat auwhethes the sesudiiag snbparisznging pgeformpnce isslieaitopn

ted that dedi cat i sion di t. tool (th
Coul d eagt I SHThEY featoiont BEeRe MR Yo namghael g or
sensor) i ﬁxsﬂﬂ{éﬁ F&vﬁgﬁ 't@&in[ggé cdibs ARt SHASE hfqgtaﬁgﬁ' wBc WrRusidice

t he carre_ra no _ e 1s qul conpact In the case of certaln consuner
el ectr oni gledievhicetevi®@, uch sy@kinapheiiase endtdbddll @mpaeputlens assentblas

such cannot be easily fitted with such a nechani cal neasurenent tool.
may be installed in the module prior to a verification test of the optical or
imaging performance of the module. Because of the relatively small dimensions
of such a camera module, small shifts or changes in the position of the lens will
impact the results of a test which evaluates, for instance, the sharpness
performance of the camera module. In particular, during manufacturing of an
autofocus camera module, it may be that the test fixture used for checking the
autofocus functionality inadvertently injects inaccuracies in the form of small,

undesired changes in the distance between an autofocus lens and the image

sensor. Such events may be more of a concern for high volume manufacture
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[ 0006] I n accordance with an enbodi nent of the invention, a nethod for
testing an optical characteristic of a canera conponent proceeds as
follows. An imaging target having a nunber of objects (e.g., an edge
pattern) therein is brought into the field of view of a canera
conponent speirabnast thecansaraeiodhlecthiohineed el towedst hd &fidiegi tasting

i mge of the objects that appear in the target is then captured
(based onPEItedptasedt hasipesa fgundﬁhab@ feshnéquehistnerded e daterprinewhen

th h th t). f pixels,.of t di,gital i
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between a first subgroup of pixe represents a portion

of the obg¢stlyanesdnde theeaitte Pebgeauthedbnpuxalthe ihage s@ROESEMOS a
portion of another one of the objects. The pixel distance is then
conver t edprasticalaatithiseseirablydegd ef manufarture tisceotherrroresa mqduls inguide

pr edet er m ned th relationship, where the latter relates a pixel
B <t ance VARPAGIE tF CaroplCPRER Qs JSRTomt ovirholas aneit AhaResand

vari abl e gi I\S i NE el . a; 1 ens
of the canldTohutl R EE uty tnrdl PRkl Rl TR DR FRERRE |
capture theasiRgentlt®®07]1 n one enbodi nent, a baseline or initial

di stance is conputed just after a canera conponent (device under
test) hasl088eh i nstl dedrdanca widls anfenxivadisnenSofrehd inventian g meshaok for
di stance i s conputed a%si ng[ t he sane camera conponent), for exanple
during antesHRganpticahtiasactariatic ek cymerecampaRentirogendsaiseatiowan An
alert may, {he ignaled if the difference between, th asel i ne and
ew di ot aiei0a et PPy B barb PR R bu i aBEy AR AR B HPOLRENE [The

al ert  mayrRehYHRE the field 8f Ple SLDSGABRMOHBEASH OM AL MNES {EIm&QT not

the canmera conponent that is currently installed in the test fixture

has shi f t ddctsorfiicicairent hyodadet Aadigital imags oigtheabijcatsine appestinghe thidet
be repeated, with the component at its current position. 008] To

further i ispher eapieEed faped gurameptiend image pé the ejectn éhitféz}@_ﬁ[b%éﬂ forrae@,
e S B oPrSheb 5,8 OB Yo By oup
o Buael St eSS Lo ke kAl Hhey iy eoee
exhaust i v thés tnglfyzad o compute a pixel distance between a first subgroup of pixels
that represents a portion of one of the objects, and a second subgroup of pixels
that represents a portion of another one of the objects. The pixel distance is then
converted into a true distance (e.g., in units of microns), using a predetermined
math relationship, where the latter relates a pixel distance variable with a true
distance variable. The true distance variable gives the distance, e.g. in units of
microns, between a lens of the camera component and a digital image sensor that
is used to capture the image.
[0007] In one embodiment, a baseline or initial distance is computed just
after a camera component (device under test) has been installed in a test fixture.
Some time later, a new distance is computed (using the same camera
component), for example during an on-going manufacture test process for the

component. An alert may then be signaled if the difference between the baseline

and new distance values is greater than a predetermined threshold. The alert
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aspects of the present invention. It is contenplated that the

invention includes all systens and nmethods that can be practiced from

all suitable conbinations of the various aspects sumari zed above, as

wel | as those disclosed in the Detail ed Description bel ow and

par ti cul amay beaisetied infotrnmi astbreqobat decifibh et whethet be napfiid @atdran.

Such conbi nati ons have particul ar advantéﬁfs‘not specificalléﬁrecited
S

in the abé\VBPeReRdEhyt is srrentipEssirllpd iothdestrfituprieg Ragedoutgigndy so

enbodi nents, of .t he. i nvention are .illu at ed way, of exanpl e and
oot by oy fh A SRS R ot o DB el b She S AT Ea s
in which diksrgdgignces indicate simlar elenments. It should be
noted that references to "an" or "one" enbodi nent of the invention in

thi s di scloossir e ar eImbirthadegsanelaycimacy hdusagenheamadiirenthe @puidiey
mean at |east one, [0011]Fig. 1 is a block diagramof a systemfor
testing amags fhefiltetedrgroupraf pixels sfaysbeamdyzed byrgeleslating ocraiddef 2

deoi cts SIS alaths prs rocessine Blosk hal ooy be, e e,

plots of RiSliddPiROSHbHNLE iSUReR ¥ Bhe BRBA YR0LEAT PR troids.
[0009] The above summary does not include an exhaustive list of all
aspects of the present invention. It is contemplated that the invention includes all
systems and methods that can be practiced from all suitable combinations of the
various aspects summarized above, as well as those disclosed in the Detailed
Description below and particularly pointed out in the claims filed with the
application. Such combinations have particular advantages not specifically

recited in the above summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The embodiments of the invention are illustrated by way of
example and not by way of limitation in the figures of the accompanying
drawings in which like references indicate similar elements. It should be noted
that references to "an" or “one” embodiment of the invention in this disclosure
are not necessarily to the same embodiment, and they mean at least one.
[0011] Fig. 1is a block diagram of a system for testing an optical
characteristic of a camera component.
[0012] Fig. 2 depicts details of the pixel processing block that may be used
to compute the z-distance of a camera component.
[0013] Fig. 3 shows plots of pixel intensity versus pixel position that have
been captured by the image sensor for an example test target.
[0014] Fig. 4 depicts the general form of an example math relationship that
relates a pixel distance variable (y-axis) with a lens position or true distance

variable (x-axis).
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been captured by the inmage sensor for an exanple test target.

[0014] Fig. 4 depicts the general formof an exanple math relationship
that relates a pixel distance variable (y-axis) with a lens position
or true distance variable (x-axis). [0015]Fig. 5 is a block diagram
of a systi@oisjor obtRignbiga dldeksdiafiam ofia@stam R obxaniigea béstifheurad hs
rel ati onshi p between conputed pixel distance variable and a

z- di st anca @shplsl &f thpETAhIrER OESOR Iretiverin [co01B]ted wexel I disahevariahle
of the invention with reference to the appended draw ngs are now

expl ai ned®™ éﬁ§§@WC?Néﬂ§ﬁ§pes, rel ative positions and other aspects
of the parts described in the enbodi nents are not clearly defined,
the scope of the invention is not limted only to the parts shown,

whi ch are nmeant nerely for tiFEPAIPERDBSCRIPTSONAL I on. Al so, while
nunerous details are set forth, it is understood that sone

enmbodi menli0®1ek t he Sewesaltdrobpodimyeriie opthecinverdommtitiotdfetenes o thet ai | s.
I n other instances, well-known circuits, st rUCtﬂ{‘% , and techni ques
have not Y& WIRER B PW S PHan t‘%ev@s@% RES/ R SROsHINY

of this dgs¢ E)h%triagﬂects of the parts described in the embodiments are not clearly
defined, the scope of the invention is not limited only to the parts shown, which
are meant merely for the purpose of illustration. Also, while numerous details
are set forth, it is understood that some embodiments of the invention may be
practiced without these details. In other instances, well-known circuits,
structures, and techniques have not been shown in detail so as not to obscure the
understanding of this description.
[0017] Fig. 1is a block diagram of a system for testing an optical
characteristic of a camera component. The camera component in this case is a
lens 2, which is an imaging lens that has been fixed in a lens holder. The lens
holder and the lens 2 may be installed in a test fixture 6 in which an image sensor
5 has also been installed. In this arrangement, the image sensor 5 is also referred
to as a focal plane imaging sensor because it is at a focal plane of an optical
system that includes the lens 2 and that can capture a picture (still or video) of a
scene which contains, in this case, a fixed target 1. The lens 2 and the image
sensor 5 may be in different pieces that have been combined into a single
assembly referred to as a camera module. The camera module may be one that is
typically found in multi-function consumer electronic devices that have camera
functions, such as smart phones, tablet computers, desktop computers, and home
entertainment systems. There may also be other optical components that are
integrated with the lens 2 and the image sensor 5 within a frame forming the
single assembly of the camera module. Examples include optical filters and

apertures.



[0017]Fig. 1 is a block diagramof a systemfor testing an optical
characteristic of a canera conponent. The canmera conponent in this
case is a lens 2, which is an inmaging |l ens that has been fixed in a

| ens hol der. The I ens holder and the lens 2 nay be installed in a
test fixtl@0#8]6 i n Vifhetarnara madalswasbie bdddse ahder feee(UMTs aldliad. |1 n
this arrangenent, the inmage sensor 5 is also referred to as a focal

pl ane i neRAttigubeadyghyetamesnanufastuae spedimeay inpthat easss thatesplixteae 6 is a

o *vi deo) BF e AR ST T a A e PR oR6 Anpl el e Mokl 1.
The | ' [ ' ' t hat
nave beor anol hed Tarer s e L enefor el BhPn BLEERR o

nodul e.  Tihano&eiangpaodectreyurhendnestif@tertsr.t Vi et Fixtdrewnthould be
mul ti -function consuner el ectronic devices that have canera

f unct i onsdesigrgd pspremigely fihendsligndbe BIUT oelplive ta theddsit pgetdnputlaing
and hone @nt.ertai nnent_ systens. There rrg%/ be ot her_ optical,.

al s I
conponent DEAREEE SPRSATY {oreatssd! (R SRR IS agRs Og thegresid forsyaluasingshes
within a 1 i assenbly of the camera nodul e.
Exanpl es ({’nt?{gﬁggggg??g%% 8ﬁ}\%tﬂgrglsﬁand apertures. [0018] The canera
modul e neYOPH a devileefikddledrgbebhad $dbral GYjéktd ﬁcﬂ?dih?%éﬁ?)%nﬂ! Hect 4,
vol une manufacture specinmen; 'in that case, 'the test Tixture 6 is’a
har dwar e far izdigere andiinlogateaufchdha thegasetrt icompoena DU teimsatliedss
the test fixture 6 may be in a devel opnent | aboratory setting, or
even in AIPEStatiha Aset as sheypr dhadareebl oray hnat 2 predeterreiagd alistamee
test fixt si.gned_t ecisely.fix and align,t DUT
rorat ve o e PRI FrEEFCRBEn: HeEhichite ebblindhy dhcligyf
used to CRpftHsBnkTBERS, £F. dledsanasth Wifl (el h& 5.
per f or mance ofS ?EZE% %0019]2%'he fi xed1 '?{grcggﬁhﬂfah]i s&seelveﬁg%tegﬁ?]e%ts
i ncl udi ngllobfaeget Bragchavkejdiffereht objects that avecsiitabitdfor Sedtigathedpsicah
that the canera conponent DUT as installed is ainmed at the target as
shown. THeerfQngce Of prynpging systpme bt By hihexraplsttha objectsomdtare

[ 1 ed . E ' 3, 4 b dar k-1 i.gh
cont rast1 PG RS OB < e dagha? BhRERaiech SE Raptarerainy ARUTFRRge
sensor 5. odeﬁeés@'éth%iﬁ‘t df tFRY frRaess 8 hE @z%ﬁt[ﬂltre(? B &AL gnégégerf%? g,séﬁ& apl e

for testing the o cal performance of® an I nmagin stem but 1n this

exanpl e tdenglipettd pocebsigeregposd S vaRid FipNd iokelacte@eh angedtrdd ght
frame on a dark backgiround. An image of at least a part of this frane
is to be ieeggeutele pyaluated bagtestemmonpdterand an exanpl e pi xel

rage. t dOBRFICy of Ll leByPr somueid: mey o (hf bUbnEREE bRy Note tha
t i i.ng: . . 1
Comput or nayert Bt ule g bt A A AT M A P b roh Bl R

(whi ch i neviudesncltid®d, eapicylly, & HoRESSS @hd FREMBBIBSMbaAHIN #41q8) t hat
is programmed to signal the image sensor 5 to ‘capture an i nage of the

target 1 programddio aghal thhémepf eertsor 5 tamdpireherisiage aitbe tdrgat T erds

the image data to its_pixel processing unit 7. The latter_ perforns
vari ous meatHCBlRE e shiects3 and i4nt§?@”&yrallfjo%§ﬂtfée%5 thedmage data ko its pixel

ar ebafresiyto’ astiare! anfecds Hed 4
G st ance morheufe vhl 7 A BhER bRl yEPUE I opRiiordafEai TSt g

the hori zQmhshteGEMe&Eur@RIfiaCAlIsBE®, Whidlie iRARRIA iRQNR @REMbIe JBigt $36
conputer may al so include an alert signaling unit 10 that “eval udates

t he conmpubediigtadceshetmeen thy 1drer2 amd tlenfoealgslapaimage bénsor blalamyg the
expected z-di stance or other 'congflri son threshold; if the conparison
i ndi cat e&qrh%%m@ltf@né‘&rﬁﬂﬁcéha&ls of SrespereiagompdnesiteAhe yest computer may

also include an alert signaling unit 10 that evaluates the computed z-distance, by
for instance comparing it with an expected z-distance or other comparison

threshold; if the comparison indicates that the computed z-distance is sufficiently
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different than a threshold than an alert is signaled or an error |og
is updated with an indication that the current canmera conponent under
test nmay be nonconform ng or nay have been shifted fromits initial
posi tioni n [ 0021] ives additional details of the pixel
processi n@l fement than @tgl‘ftﬂho dhthareak gleof iststgnapécket apeooe $og, sgipduted witls
to conpute t i xel. di stance between the two objects 3, 4 that are
depi ct ed ?rhmacf aﬁmﬂe& bRe FudentgigRergcompanent &H@lelE E?SEB}‘?\Yé?GchIHe

cal cul ati t , a pixel
di st ance (g{a}\ o rﬁﬂ%%blx@ays 3&3"&%&%{% r%é%l ﬁé‘@‘?naé) O (%?‘ captured

i mages or[obpees frpm bhevdsRERISRNSNtail ofiNE AREIPHE8Sss rggeulﬁ’i't))??kﬁ*mé&
the frame to conpute a pi xel distance between'its detect obj ect 3
and obj ecthe4askihaf the pe*elthetea;ﬂn% wiil Zid &t ampate thk poxdlnitstadee between
detecti on_operat.i.on, ere an inconmng imge is analyzed to first

det ect th@edm%‘éblgct33 ﬁth%’fr@a@ dﬁ@lqt%m@gwe@ @pbusdomagiexai fsame, and to
t 0022] Ha dent,i f th
of b1 xel T ef R ARl roBLPSe Sarpab B et preeliprhen S e

then | ow gagshchichicalf86r S’Es m et reb8{ & SnPEE frf?)rrﬁ]: ey ana 55(515

t hat conputes a pixel distance value y,. Fig. an exa

graph of franeb fiomh ehsirhyge sirsus 5pandehngl9séd therpikes i tigy Rhmead cpmgiite
intw different franes taken fromthe sanme target 1. The process
descri beda pbyed dtﬁésynqerhﬁiween plsrdfeseated objechd pd Dhﬁfﬁt dnéhe paxed digancesone
f or m of a@gag;ﬁ)ngn tatistical conbinatian may then be perfornmed in
order to G 4y AP&NGEFEE TN PPSEafon; WhEH COmng Igagps
shown in S wi ng | ow
pase 11ty IFatsE bR iR GbaE % ARR E1AthAR Loyl ek
relativelye gir@genv@ﬂg@eh obfedt bhedigé.ncr eases to high val ues
(corresponding to a light regi on) and then drops back down to the |ow
val ues (cl®PR2spondi Hgving idestiiad khe grpumpf pixelsiin Wltmehfthan’e],ecarﬁd 4talnen

repeats for the cond.object, The pi xel ance c %%g or 8

perf orms Gt amgrly e§e H edhen Il‘?‘é(rlf@és &?tétﬁff o SIBPSZ QE@BEHATTHE
i ndi cat ed ) the | xel

di st ance y@hﬁ%&g IB es%%#1?§is 15‘:%11%5 gglue of ﬁfﬁ %%ls At amp le
repr esentgra@mqrﬁlkannefnsﬁ jvRedu &@1 @1@@&% &ﬁix@lfs Ripse) s that
represents a portion of object Any sui tabl e pi processi ng

al gor i t hndliffeyeeramke ctled frdnmtheamdm:gﬁté t[ﬂnep:rbx&ls desadltédbherefman
appr oxi mat e peak |ntenS| ty value for each pixel subgroup. However,
it has be@yst qrm& P EQIRANR PBe Erane, @n sosre forE] ey araging or

t hat, .t he

i stance yaunicd sl pxTRG bR E2HH-LhBH R ilen Bp P BpkRatng of

e U o, ket o b e

ot her wi seFigl attoldwaed loyw pasdfilt@tng. oThepiRedirgbngtyebadhsie the left, with
relatively low values, and then increases to high values (corresponding to a light
region) and then drops back down to the low values (corresponding to the dark
region) within the frame, and then repeats for the second object. The pixel
distance calculator 8 performs an analysis upon the filtered group of pixels
(based on the indicated pixel processing region) in order to compute the pixel
distance yi that is between a first subgroup of pixels that represents a portion of
object 3 and a second subgroup of pixels that represents a portion of object 4.

Any suitable pixel processing algorithm may be selected that can compute the

pixel location of an approximate peak intensity value for each pixel subgroup.
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[ 00231Returning briefly to Fig. 1, it can be seen that a pixel
processing region which contains the group of pixels to be analyzed
may be defined by a selected nunber of pixel rows of the captured

i mage that are expected to contain the detected objects 3, 4. Here,

t he t er m Howwvet gt bas bepruecdgbaethecaidlysiasltodldrfirs bimelrd eetheecal dudation
alternatively refer to a colum of pixels. The |ow pass filtering may
produce a°ks? FRYItEcid sk eaeh prlgnoupa pudsthas dee pixgl distange v stoaneeiediasat

are expec nt ai ions of t.he detected objects, 3, 4. VWile
r ow proc eéeggﬁtéﬁ?rg% téerﬁ%aebrheg&’rre’r%rb gr 3‘? Ellr(#l ﬁttg?‘rhf’ﬂéﬁ%ﬁ”cdgr %%B@e@gci‘%@u%
pi xel i ntgpshé yiandiRan@ly; bé BdpehB Rt mbRERh ¥le PAAE GRAIPMWhaps
region may be defined differently, e.g. along a diagonal for

i nst ance. tHefG24} &gEduombthgrwise Biagisti2all y chmbirteat tosfoemensingfe tdigepi xel
processing unit 7 is a conversion unit 9 which serves to convert a
comput ed P0Zd  di stBelwening brigfly to Figud if can be seerethasppéxelpropepsing

det i ned mat |.ati hip that.relat i xel di st
Var i abl e (e b e Aioane it Sh i A R P et e ey o
ari ¢ | PSP O | FitHe
have beer b ador R ok opyr! a8 ofhe bRl IR Pl ah e lIocRat dortik

neasur enethiesdedécted objediss3, dnGerepicnean, “rbar iekailp! &edtdt@etiesisy Zn@ford
speci nen of a canera conponent design that is to be tested, and the

i mage sengBveBjenceogetl tesnativelfi refer tespohunn@f porebdut Bk kesy past Bltgiing|
di stance val ues,. and then anal yzi he col] ected data to find a
best-fit T@VRIOI#RRA Pgle FAV O p&@?{aﬁlear(ﬁ%@g- s igelpneekdat Areri g. 4
by an ex . k: i i st , e .

DY a0 SRl APl SRR B Mok lietla IR ¥ \ROHERQNS RS
a two- di neRagicanble hbReaffictit ieathBAEICY] Srocbdithg ¥Whbixbl FAEhAE LRSpIebed
by a linear equation. O course, a nonlinear curve or a curve

cont ai ni ngositon vahear thequkéelgmecemingteppo enaysteeid efiiel idftreritly, equalong
is then st%red in the tester conputer (see Fig. 1) and then reused
when t est? AREOTREfOrdpEaNeRns of the same camera conponent design or

t he sane rac onent .specificatjon, for c erti froma .
cal cul at e[gﬁgiifel sglg%[ H\}%\%tg&ﬁg‘ %( at@ﬁg‘eaie %mteoc%\%? BB(.QT 0%83885&557
above, 1 hisg donerdbs LANCLWIRRh g%?v@é%oaﬁ%ﬁtaﬁc&ﬁﬁhf@it Oﬁix dilshce :y;sfrﬂl@ q€
along the optical axis between the Iens 2 and the focal plane rnmage
sensor 5 f{raee-dsigncd yalieDO2DER predetdranined htutk rdiagigh habredytet am
for obtainj nlg the best-fit curve, which is the math relationship that
i s neededpixgl distaiice varieblappiea cppsdinaigi spagelcsithartrap Histanmg vari

o1 AR SRS sfisonant RaUSncl e S iy have been
Shec for TIegt ERuhRT LA e R AR R PRy FRat B RATS LR %G

test fixtdiseancaretivieed) fiedxainpleiaht @D dfd godcithen Dt b kafler 2 agRPDALNL
may be the sanme as that which will be subsequently used, in

accor dancéesign thatiigto he testad, padftbe inage kéngor vyl togetheanitracirvesponding
testing of the actual produgctjon specinens_ of the _canera copponent
dosi gn” TPRMBPEOE pramaRs GeEcisEne Batedy fod (g Aaly ABeHaR Codpred data
nmeasur ement ¢ I Whi i i I i.call

Toacur ot @ ibepCrteheR, MhedBufid S PICRS SRCAN IBEIRIE . hyean,

and the i 1e&aph ob estTrhﬁté‘@&Epdﬁis@ce FERAUES IBRLSs haQlsuled FRlstREcd. N
a

accordance with a convention | aser - based precision distance

measur enehle tesuhimgibest-fitrcuadelirt {hosinstdrecelio h dwio-dinakrisicnal dnsaPciave,

al l owed to be noveabl e Ln theé} est_fixture, under control of an

act uat or naMelplingwhichieap bs«described By adiiegaearation hOA§OWsgr 2BPBI on

screw dri e ismthat allows extrenel nal | novenent s of -t he
Cens ol XAt SORTY hETERER i Bt FENAT R s RSB uRe B e
best-fit curve is then stored in the tester computer (see Fig. 1) and then reused

when testing other specimens of the same camera component design or the same
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based on a collection of the experinmental data points, generated by
t he nechani cal neasurenent tool 12 and the pixel distance cal cul ator
8, acurveis fit to the data points, e.g. in the manner illustrated
by the graph of Fig. 4. The resulting best fit curve (mathemati cal
r el at i onsé¢rmpgrai ®np@rens speadcatoorhdor evsedtidg fiany ahiatrulated yieel space
manuf acture testing 8{5 production speci nens of the canera conmponent,

wi t hout tFEURdRE tréh disknchyahimi Aapugestest ahr thissueidistange mayhegan

th f tor. 11 (i t .

i ar S prge e PaRBERbRfinthebalr s o Birdi it It ana e
embodi menfocaf plahie iinA¥e BEh @R 58Ye PR, 3).MaChi ne-readabl e medi um (such as
m cr oel ect ron}i)c rrem)gy) havi ng stored thereon instructions, which

progr am olg028) nor eFigabas pbhmksdibggint offpspsiehsidrgdnenirgatHeybeasetiecind,
to here as_a "processor") to performthe digital pixel processing
oper at i onwhidsisrthe aepthelaionpipubinhis nesded 4e selftd a epmpytest pixehdistance

t hi troid I .ation, th fungti o th
ambodi mont& e 8t o i ctiSgher sefaile AGse BRI pRE Sy P
crbo . APGHE e r3pe
i tal roTiBy VR oe AaThRlibeRt BALERE e d Eiaduer JEFRALEH as

per f or nedtHeyd e €OEdY tagt (iitu@ingthe Gh ARG EabAs oL Sisd 12fls QmMAOReNt s
and fixed hardwired circuit conponents. [0027]Wiile certain

enbodi nenirsagrasenspelis desfellédadthina testdirtuie ankdes atoedrpathe firged target 1.
drawings,.jt is to be understood that such enbodi nents are rely.
11 ust rai TS Brangemensima g frerameapihat ﬁgnsﬂgﬁﬁ hw@»ﬁ@qwtrﬁw / Fat
the inventj i I M . specifje ¢ t tions. and

ar'r angoneit O SR i Fidrek 6% R M RATED ST Rt R RRG e e

May 0CCUr adtQal hiRRicAbN @,Egéiﬂ?é'n)é offthé barnBrd &’tﬁixﬁéﬁent':c@si%?% al‘ﬁﬂl stem in
s a rectangu

al t hough the fixed target depicted in Fig. is a r light

frame on Biglarkalbadkpdowitt,a wetemitdmetssirement toel 12 edrish i atdato

obj ects (having different shapes) are possible. Al so, while

z-di st ancEchésegé%ﬁl‘é meghppicaily measyrritherz-fisgans, dsthineasditbe dissance

bet ween the inma enspr t the focal plapne) and a |ens, an

a1 tor nat | GEHaT e TG e Bl Ak Hrovc ANG BIDaR e T SHEmER (9plel2

fixed targgl,pdh L6586 mal%%aﬁvé}ﬂfbra@r%e% &dd #@&ﬁ;ﬁi(frpais'?érhden the
h I pr y a e

system t hat “can be nechanically neasured efera ong t

optical aieas@ensdioweghniqud)- In bditienpthiedioldedirsd &p tensdedrenillomasistodse
possible (e.g. a distance that is not along the optical axis as shown

in the figwveshleinthe teskfiptveedndéraiondrot ofipsghpdonbl. nBaslatied nadyobrja
t he opti cal

axjs may be the nost. practical. way to determ whet her
or not t HBAFGALALEIERTiFR 452 PFRYSHBSEFBEr BN e B¢ Eyar ded
as i1l ustgatiMery BsieAhvRndrdtdbf ifens holder. Such movements are on the order
of those expected to appear due to an unintentional disturbance to the test fixture
and/or an installed DUT (e.g., during high volume manufacture testing). The
image sensor 5 is coupled to provide its output data to a pixel distance calculator
8, similar to the one used in the pixel processing unit 7 of Fig. 1. Each pair of
computed or estimated pixel distance value y; and measured z-distance value z;
is then fed as a data point, to a best-fit curve finder 13. Several such data points
are obtained (as the actuator 11 moves the lens holder to slightly different
positions, or as the lens is “swept” along the optical axis). Once a sufficient
number of data points have been collected, the curve finder 13 may compute the

best-fit curve, e.g. using conventional curve fitting techniques. In other words,
-9.



CLAI M5 What is clainmed is: 1. A nmethod for testing an optical
characteristic of a canmera conponent, conprising: a) capturing
a digital image of a plurality of objects that appear in an inmagi ng
target, while an optical inmage of the objects is forned through the
caner a copgsedanta collection dfthé ewpgramenfal idatr poigts ggnenapedby pheel s of

the digital jmge that represent portions of the objects; c).
anal yzi ngmeﬁlléamgfreltr@%%lr%ﬂbtqﬁ 13jand) the paxel shgianes elailatar &ipstavris fit

betveen bSO, L AghRel IR ERLETEN Ru POBACL e 0
o0l o 5 it ) SAIGHL ad Reatd !
t hat rel adesng hpghxebluths hramegaatard @bting wf phodudtiarespdicrhamcef thercaaielrs.
2. The net?o?'gpgrflenctl, eviitrIQOrtth \é\}?eerrlezee;dnf(;rr)cﬁe tnieuc}elagiicgi[ r?lgggur\é%{e:n?glogl 1 Ia:Ineds the
without the presence of the actuator 11 (in other words, an arrangement similar
to the arrangement in  Fig. 1).
[0026] As explained above, an embodiment of the invention may be a
machine-readable medium (such as microelectronic memory) having stored
thereon instructions, which program one or more data processing components
(generically referred to here as a “processor”) to perform the digital pixel
processing operations described above including low pass filtering or image
smoothing, centroid calculation, and other math functions. In other
embodiments, some of these operations might be performed by specific hardware
components that contain hardwired logic (e.g., dedicated digital filter blocks).
Those operations might alternatively be performed by any combination of
programmed data processing components and fixed hardwired circuit
components.
[0027] While certain embodiments have been described and shown in the
accompanying drawings, it is to be understood that such embodiments are
merely illustrative of and not restrictive on the broad invention, and that the
invention is not limited to the specific constructions and arrangements shown
and described, since various other modifications may occur to those of ordinary
skill in the art. For example, although the fixed target depicted in Fig. 1is a
rectangular light frame oh a dark background, other targets and their constituent
objects (having different shapes) are possible. Also, while z-distance is depicted
in Fig. 1 and in Fig. 5 as the distance between the image sensor (at the focal
plane) and a lens, an alternative definition may be the distance between the lens

and the fixed target, or between the lens and some other fixed point in the system

that can be mechanically measured (preferably along the optical axis as shown).
-10-



di stance between a | ens of the camera conponent and a digital inmge
sensor used to capture the imge. 3. The nmethod of claim1l wherein the
group of pixels is a plurality of pixel rows of the imge. 4. The

met hod of claim 3 wherein the | ow pass filtering produces a single
row of pi Y&ilecthges-distancedefinitianpere possiblefie.¢ tredistinsetthat is nphelong the
met hod of claim 1 wherein. anal of pixels

VZi the filt d
Compr i sesORESAl AR AN RGN LR e dTErtED e eXPIed g 7ot 5 tadce g Harasureth
se: ‘ . |
el b oflol hRBPREGOAS AUNHANR oot il WABG Rerifc SORRNEL Gy pot,

of cl ai m thefland hey slaaeRr ThieM@scription is thus to be regarded as illustrative instead

of limiting.
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signaling an alert when the converted true distance differs from an
expected true distance. 7. The nethod of claim6 further conprising:
repeating an i magi ng performance test ﬁ%e canera conponent in
response to the alert. 8. The mathooC IMS5i m 6 wherein the
converted true distance is an initial value conputed just after the
canera CopREneNt.asiheen installed in a test fixture, the nethod
further conprising repeating a)-d) to conpute the expected true
distance. 9. A systemfor testing an optical characteristic of a

camera coqponent %;gpg' i g, i i [
conponent ]Vr'ips t%}rgg I nstog?«%sg%:ga"’h6&&%1{:%%3{&%@8&‘3%@%93?“3a: I ﬁgi of
obj ect s aﬁﬁnpsisirggeat ed such that the canera conponent as installed is

ainmed at the target; and a test computer that signals an image

sensor to captar@pawingagbgivhl infrgeodfjagelusality affedjdcksy det appeay ipass

filters a group of pixels of the inmage that represent partions of the

obj ect s, %glygééraeﬁéml? B OB BABCH tB? Qélegp%lé?mifﬁ#goag ithe|

di st ance e i st subgroup of pixels that represents a portion
Sl dpdd

of one of and a second subgroup of pixels that

represents a p@IIbWﬁaﬁffil@ém{ & r@&p bhﬁp@hi &Cth&dig‘i@&l i \é%étsreﬁ%ent
pi xel distance into a true di stance using a predeterm ned nat

rel at i onspopidrsatf thebhjeels; a pi xel di stance variable with a true
di stance variahle. 10. The systemof claim9 wherein the test

fixture i s to Peddivng thafeted gioperimixelsde compuina predidiganens
Installedy 0 &, L% Q&tl)gr%rup of pixels that represents a portion of one of the objects,
and a second subgroup of pixels that represents a portion of another of the
objects; and

d) converting the pixel distance into a true distance using a predetermined
math relationship that relates a pixel distance variable with a true distance

variable.

2. The method of claim 1 wherein the true distance variable gives the
distance between a lens of the camera component and a digital image sensor used

to capture the image.

3. The method of claim 1 wherein the group of pixels is a plurality of pixel

rows of the image.

4. The method of claim 3 wherein the low pass filtering produces a single

row of pixel values that contain portions of the objects.

5. The method of claim 1 wherein analyzing the filtered group of pixels
comprises calculating a centroid of the first subgroup of pixels, and a centroid of
the second subgroup of pixels, wherein the computed pixel distance is the

distance between the centroids.

-12-



11. The system of claim 10 wherein the test fixture is to receive a
canmera nodul e that has said image sensor integrated with the |ens

hol der in a canmera nodule. 12. The systemof claim 10 wherein the test
conputer is to signal an alert when the converted true di stance

differs fgom anhexReREEE! bR 1%‘@&%@%6@&@6 system of claim 10
wherein the | ens position distance variable Tefers to distance

bet ween t he i n@ighaling enaland/Hehahe rageersed sale.didanée diffdre fMon®an

testing an optical characteristic of a canera conponent, conpri sing:
expected true distance.

7. The method of claim 6 further comprising:
repeating an imaging performance test of the camera component in

response to the alert.

8. The method of claim 6 wherein the converted true distance is an initial
value computed just after the camera component has been installed in a test
fixture, the method further comprising repeating a)-d) to compute the expected

true distance.

9. A system for testing an optical characteristic of a camera component,
comprising:

a test fixture in which the camera component is to be installed;

a target which has a plurality of objects and is located such that the camera
component as installed is aimed at the target; and

a test computer that signals an image sensor to capture an image of the
objects in the target, low pass filters a group of pixels of the image that represent
portions of the objects, analyzes the filtered group of pixels to compute a pixel
distance between a first subgroup of pixels that represents a portion of one of the
objects, and a second subgroup of pixels that represents a portion of another of
the objects, and converts the pixel distance into a true distance using a
predetermined math relationship that relates a pixel distance variable with a true

distance variable.

10.  The system of claim 9 wherein the test fixture is to receive a camera

component that has an imaging lens installed in a lens holder.
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a) neans for capturing a digital inage of a plurality of objects that
appear in an imaging target, while an optical inage of the objects is

formed t ug G ;- D) neapns_for | ow pass
filteri ngf 1(8?. g%%%s%sgggﬁf?aé&gw ?’%gg%flgtp? zEﬁSt iﬁr%%rg 1$an{ec? léfﬁrae%aéﬁ ra
portions @bduinerRlPhasEsid image senSor iRt 1BIAE Y&IsHbIH&EIN d tdrRéQd
group of pixels to conpute a pixel distance between a first subgroup
of pi xel smodade.r epresents a portion of one of the objects, and a

second subgroup of pixels that represents a portion of another of the
obj ects; and d) neans for converting the pixel distance into a

true di stance i ng.a predeterm ned . h.relationship that . relates a
o1 ol 1 sEancel VarTBPEE Rt IO MAGEei b HRE s St o S RE BT om
of cl ai m dhWhRE Bbflydrhet &l %igaﬁé@&%ré/%kd@% gxgéaf&? thR&idiaBk@nce
between a |l ens of the camera conponent and a digital i|inmage sensor
used to capture the imge. 16. The systemof claim 14 wherein the
group of fi xels is a pl uraliti/ of pixel rows of the inmage.

3. The system of claim 10 wherein the lens position distance variable refers to

distance between the imaging lens and the image sensor.

14. A system for testing an optical characteristic of a camera component,
comprising:

a) means for capturing a digital image of a plurality of objects that appear
in an imaging target, while an optical image of the objects is formed through the
camera component;

b) means for low pass filtering a group of pixels of the digital image that
represent portions of the objects;

c) means for analyzing the filtered group of pixels to compute a pixel
distance between a first subgroup of pixels that represents a portion of one of the
objects, and a second subgroup of pixels that represents a portion of another of
the objects; and

d) means for converting the pixel distance into a true distance using a
predetermined math relationship that relates a pixel distance variable with a true

distance variable.
15.  The system of claim 14 wherein the true distance variable gives the
distance between a lens of the camera component and a digital image sensor used

to capture the image.

16.  The system of claim 14 wherein the group of pixels is a plurality of pixel

rows of the image.
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17. The system of claim 16 wherein the |ow pass filtering produces a
single row of pixel values that contain portions of the objects. 18.

aroup of b el hEshriuCTRELRe WS TRIRE iy Stndht B bt brttra tRete
first subgswug ﬁiel@alﬁ@s&ha%t_ﬁinéﬁﬂ‘ﬁ!bﬁb@f e &?gdﬁ.eco_nd subgroup of
pi xel s, wherein the conputed pixel distance I's the distance between
the centroids. 19. The systemof claim 14 further conprising:

means for_signaling an alert when the converted true distance differs
froman ekpect &fe sysiemgeisilaine 44 whrgeintthe meansdar analyriignthedilfened geoup

conpri sing; .. means for repeating. an i i rf.ormance test of
Che caner & BBF5SAEIRTR TPeEIIRE cuA e wrantoid bfe hi SEheteun
claim 19 ILhAdLhRnERNY BF HRAdobHE s{lbgtt(ﬂﬁac@f %&el@,nw'h@%‘éi*l 3he X&lnﬂﬁte{d
conputed Just after the camera conponent has been’installed in“a test
fixture, phel ditdrad i$ thid dgtarceetveémthe @PeRiddNg a)-d) to conpute the
expected true distance.

19.  The system of claim 14 further comprising:

means for signaling an alert when the converted true distance differs from

an expected true distance.

20.  The system of claim 19 further comprising:
means for repeating an imaging performance test of the camera

component in response to the alert.

21.  The system of claim 19 wherein the converted true distance is an initial
value computed just after the camera component has been installed in a test
fixture, the method further comprising repeating a)-d) to compute the expected

true distance.
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