;e3ed$d !'D'" $6@T$_b.1 21 June 2002 *166166* A METHOD AND A DEVI CE FOR
MATCHI NG | MAGES Field of the Inventign The present invention,relates to a
nmet hod and a devi ing two inages, each consisting of a plurality
of pixels and havf](ﬁﬁ@ﬂl%@%ﬂlﬂﬂ over | appi ng contents, the &e ree %
cQrrespondence bet ges being determned for diff lipe 2002

di spl acenent positionsii*'ch represent different overl appings of the

i mges. Background~of the Invention 10 The applicant has devel oped a pen by
means of which text can be recorded by the pen being passed over the text
which is to be recor dRdMETHEDPAND MMDENICECFQHERATCHIRG aMAgESa

t wo- di nensi onal |ight-sensitive sensor and a signal-processing unit,
records inmages of the text with 15 partially overl appi ng contents.
Subsequent |y, tflielidedesher Erpudanttiopet her to forma | arger i nmage, which
does not contain any.re 1..0f ti o characters i i mge are
identified with t he*%ed%%%% $o ‘{g’wﬁénanr}f?l}&:essga%r gdgrl%r?%@hd;ra;’c?féﬁr - coded
formin the pedevilte Far 2@ tichidus dMbdmages,heaghpldorsitstsnvedi sh Pat ent

Appl i cat  on Noo 19604908 4 WY,y athdafadheen plsshey Oﬁi@f{l esent

application was filed. "In_order to reduce the nmenory require f the
pen, it is YesicPRbEBtShattha dR95Res QI IREsSRANdSHGE: he or ded

I mage Wi th the ipa@eisols inthgR haftirmed MomMir idmer idd spacddrat A desired
inage-recordin% fn% uency ,f.or. th%ﬁpen i.s about SQhFE i ch _thus ans t hat
it shall be po¥STBeoRS P T JsHe® o Tridgeehth ISP AR OFhe nost

ti me- consuni ng thygeriakioss .when putting 30 the inmages together is the

mat chi ng of th%ak Q%%n',é% %tqﬁﬂj i Qn{he relative position in which the
best possible : Pweeéﬁtﬁé—contents of the images is

obt ai ned. %0-~~i nRrefhe 2pplimantodzs2 davisdopiel @ perhby meensaochivhg chwo
images is to exaxt cal B AdcdRE ML QNLHAP HRA%Y HARSREIHREN thige | mages

“and, for each overlap position, to éxam né every pair of overl apping

pi xels, to det &Eftn¥hd Fcdre TPedarPslad s Tore ordr| #bdichy IHcleres t he

score dependi ngneerheawissl la the \Hilneats idndlng ihtelsened i &3P Gt scandnido

t hen determ ne_whi.ch _qverl a Qsition . pravides. the best h qQn_the .hasis

of the total of CHEREds RS R Babl RAsGe, Tetey gttt Sda, Fa?

However, tlhs pestdadddy iovedapiing @erft@ntshe Sasleiqvanitdly i ndiec dmegesbove.
are put together to form a larger image, which does not

contain any redundant information. The characters in the
image are identified with the aid of OCR software and
are stored in character-coded form in the pen. The pen
20 is described in the applicant’s Swedish Patent Applica-
tion No. 9604008-4, which had not been published when the
present application was filed.
In order to reduce the memory requirement of the
pen, it is desirable that it be possible to put together
25 a recorded image with the previous image before the next
image is recorded. A desired image~-recording frequency
for the pen is about 50 Hz, which thus means that it
shall be possible to put together two images in about
20 ms. The most time-consuming operation when putting
30 the images together is the matching of the images, i.e.
determining the relative position in which the best pos-
sible correspondence between the contents of the images
is obtained.

L
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Summary of the Invention _ In the light of the above, one object of the
present invention is thus to provide a new nethod for autonmatic natching of
two images, which method permts faster 15 matching of two images with a
gi ven processor than the nethod described above. . A furthezr gmlgciodzs to
provide a device for the inplenentation of 4he nethod. The 3bjec s are
achi eved by a nethod according to 20 claim1l and a device according to
claims 18 and 19. Prefpersrssichleniredimoehtfo rame taitdired two titeagedclfi 66 . ekdke
t he met hod descr.i he bqve,_.the i tion is.based.on determ ning the
degree of corr%?ﬁ%h é%b% %5%&%51%%5?%%%6§§a25§ﬁ: QékﬂS?ﬂwéﬁ%t§g%?eﬁ
plurality of piatel,s f25 sethwavsr sy eqsdttiical,| yto\esrdraippe neveonteat s, of or
di fferent displ : [ r eRe, iff r i of the
i mages. Homevero%?r% olﬁ%;ﬁls%r}ssdf E’dtQ%e contn{elglteg a{)fset‘{ e i%lgeésgﬁg g?f%ct ed
in a more e¥fi Ofeverdanrninavitiselfecitfic flaore dgnanding yonfhelinbells are
30 determ ned kole QAN Ot RHiNald tbrdle sHoH 2GRN o POSEA | §Se r-£aCh
nunber being formed with the aid of pixel values, frombaoth inmages. The
numbers are uséi:’r“teow\g’/:-‘t?@h@é’ é’p?%é’s‘é’é’sﬁéfrﬂv’\%%é@q Ret TEHLEHR Mo

di spl acement pasiel berd sSichldhanamisly o fThese sBsad AF S SEES BFd r Vabpisg 35
are subsequently u %g.in de%prningﬁ% thgﬁg%%ree Q%Ycorrqiﬁgydence bet ween
the contents o i MRS BPELHINE -2 By A RHEEhe Fi $9%r ent
di spl aceneh® pediow diog ddre Eepdxiarathec Windi cateet tediavelegr ee of
parallelism maldna. it JOSHLIBJheS@M ne the images more quickly than if
all the dispIacenentjgosrtrqns-are—exa'5 m ned sequentially. This

paral l elismis achi épedhf ttigtite ofi dhef abwaenusber oiddtcPfartdaugaet o

exam ne at | eaglentWa nQieht i BNt QS itd Proviidalldd IR{OY thobl 15 e -
nunbers are based .on the _contents of .each inage, .i possible to

t |
calcul ate in af\&iCe MFETGVEr 1p T dTeRsFy 1L &L%t%]qﬁ R LAt
the pixel &l ugatwhichy rEkeawp itryasumiians a0EnMeD progd et it peaid i al | y.

_ These overla sessyent. .yal ues can be stored and be retrieved with the

aid of the nun%@%%o\ﬁigg%gmqﬁf%&ﬁaé't he matching. Alternatively, it is

possi bl e to define d8néuSher whrjedtorisultae pubivilde whelevsiaial fmmbidress are

used as paraneters el dh BV eHARAIIRSSMENt val ues for at |east two
[ As a f

di spl acenent posrtions. a further alternative, it is possible to use a

gate circuit which PhedebdechFedrsp agbdieysteRy Pamgdhobraggondag o

di spl acemepy 2@ 1RA% i Ay @S devieslldedoddiingP o Y1HIMsS 1PNESIINYg Bhe-sai d
nunbers. Natur Jciency increases .th m)reué%l xel s are included

|y, the ef
in each nurrber%lﬁl)l/’féé1 ﬁ‘ﬂb@{ & &R FREMSURS TS - t he overl ap
assessment val ues aféker edief mesthod\iats ciriilbe dmadiovel, s thieatinveret jmxels i n one

of the | mages ?%Sse%i o eﬁ%r‘frﬁ'}ai@ U AR ARG G Ik | & !
pi xel in the ofhér 1 mage has a second gi ven val ue, a certaln predeterm ned
overl ap val ue it&calimagesobtwdiid eapthe consists of a plurality of pixels

25 and which have partially overlapping contents, for diffe-
rent displacement positions representing different over-
lappings of the images. However, the comparison of the
contents of the images 1s effected in a more efficient
manner. More specifically, a plurality of numbers are

30 determined for each one of a pluiality of displacement
positions, each number being formed with the aid of pixel
values from both images. The numbers are used to produce
overlap assessment values for at least two displacement
positions simultaneously. These overlap assessment values

35 are subsequently used in determining the degree of corre-
spondence between the contents of the images.



30 sane applies when the overlap assessnent values relate to several
over | appi ng pixels. The nunerical values of different overlap assessnent

val ues which axe obtained for different conbinations of pixel values can be
determ ned optionally. 35 In this connection, it should be:ﬂpinge dY4

that, of course, the inages are not physicglly di spl aced in r 8P%i DN 4 o
each other when the nethod is being inple © 21 June 2002 4 nent~ed, but

rather the conpari sgp i yaRIcEAE, | TRIGH e LY | SO cn R het i cal
di spl acenents. |n a preferred epbodi nent, the nmethod furthernore conprises

the steps of abUPRY the SYePIned kldy R R i dEredrob RIF ¥~ sai d
di spl acement pbéelismNsmaiaitlygoft usosgibie t@tatsmiid af e dimdyd himsor@nner to,

det erm ne which of, 1t he_di spl acenent, positions provides, the best possible
mat oh between RECEbIeReE "HF Fhe ThEgEee et R e "R tos
whi ch are &ddeditedesdguefivtiallDya Tleid giaral spl Bsmenestagloise vadrw prlef ghabl vy

reflect the de e pf r e . het e I i for
t hat di spl acen%% %§s$§$oé1&ﬁ$%9%’r (r}g}r?l%r%l%’ggl 0 itﬁ%rée%%gﬁ% gatfm.‘i(eg%%g
speed, the ovekvapibssbacement \positione suukipneeuried Upinee pdralndndiel

for several digplacerenbaosi bhofge Kol nor Wi bieCOiEse Pard |t S84y
advantageous if it is carried out,in parallel for the overlap assessnent

val ues whi ch af&Pht o uerl SPHate R ARET3NGH t1Pe VS PR 2SS/ P MiMber s.  Each

over IhapI aawssmnﬁeyaimetnﬁncwéatm%ﬁe aitee QFiedl mﬁ;weﬁﬂ'l;mﬂpimrrfgcfiu(pl s.h
In the latter se mat chi ng, _ speed increase i s achieve y the fact that
it is not nece§§ r@u eﬁﬁdoﬁﬁg}ﬂ%<§§§£é§ﬁﬁﬁ Qﬁﬂqﬁéi¥?£i%ach over l'appi ng

pi xel for a certai MMhesel aeenar poddsmemt ialued e doeerd tagr eab sasd rent
val ues which h V. been 25 f Q% r r| apning

pi xel s can be ‘g‘%’(gﬁ%%{é%&g%%t%g ?/géeig&fh%pedj spl a%%&?%o%%@ndﬁhﬁ

provi des the beke matehibet webkermat sonkontist ofs tirs ket hate Haegy one

det er m ned,s t heri HBLLSESAR PEe %i&rgfgaﬁm{ ddid HumB&t 3% tisey posi ti on.
The putting-together can be effected by the overl apping pi xel values in one

of the inmages BRFMECFRFRctEUSHIL iR AWEAR 2IRLSTHDI FrePSRi i i3y of the
pi xel val ues fDeasactwOVeL$pPHCARePt Xedsithieny) Wald tHunfhel il voatent
positions for ich 35 nu e_rough

i pl acoment poLTE1 ohe, LarRo el Al 6o ST 1 i o Bt Sebrert Fab oSy
whi ch the overbeprbasesssesnsment veslue IfGuret 200515 e graplaeement
0Si i on. Aep! REGRE T o T Il Tor o ol BCEnl oM & T th o atbrent
position than $akddngppetement between two rough di spl acement
Naturally, the efficiency increases the more pixels
are included in each number since this increases the
parallelism.
25 Thus, the overlap assessment values are predefined.
What this means is that if a pixel in one of the images
has a first given value and the corresponding overlapping
pixel in the other image has a second given value, a cer-
tain predetermined overlap value is always obtained: The
30 samé applies when the overlap assessment values relate to
several overlapping pixels. The numerical values of dif-
ferent overlap assessment values which are obtained for
different combinations of pixel values can be determined
optionally.
35 In this connection, it should be pointed out that,
of course, the images are not physically displaced in
relation to each other when the method is being imple-



5 positions. The second overlap assessnent value can relate to the rough

di spl acenent position in question or to another fine displacenent position.
In the sinplest enbodiment of the nmethod, the contents of the inages are

di splaced in relation to each 10 other in one direction only. JH Vf?qﬁz t he
nmet hod can al so be enployed when the inmagesy are displaced in o erent,
preferably perpendi cul ar, directions in relation to each other. In this
case,. in ordermentadn|bataratherp¢betn@mpamﬂdmm:bemMeemommesnmm@&mcas

bet ween the co 15..0f en t [ |t is suitable to

l et the rough Q%gg?%geéggtka ?5%%§%Fé%P§Se ggé gﬂg%ht ‘over | appi ngs of
the images in the fEpseé EIﬁeéﬁﬁéﬂ embﬂdéwamﬁheth@rmgehp@IﬁPrUMQImQIeemmat
the met hod forcemﬁiegeattﬁéeekeeeleqsaehlh@eu@n%%%Sow%rﬁ% %%E% nﬁ?t'on

for 20 exanple vertically. The rough displ acefrent posit mhlc
constitutea stpsBesSo fOFh§a&hsﬁﬁaééﬁgnFlﬁ@gﬁﬁaﬂﬁ§te98ﬁﬂﬁé@nsarénﬂréﬁerably

deternlned b¥ ﬁgengnageStbeegg 6b%bdﬁ@dlghﬁfﬁlﬁ|mh@hFEYt?Lde%Qhu§?ﬁnﬁntS
consisting o X i.xel s ere n .ar.e _greater an_on e

di spl acement b® hﬁgLBFmg£Sdﬁ6F§£ﬁ§eP8&ghP&P&%ﬁ&BgnBﬁPVﬁ8§FtFBﬁsgeﬁﬁsisting
of a rough segpeassibIbematuphbetgeent shearonitentise ofcithevddalyest. hehiemages
bei g 01 yrded bpLe1 &8l UEBS Qhar @ e GRS ATLING NG A BoaRd Lhe A1gl ont of

several 30 pixels ent in-vari y can
be anal ogdé, b@tcertasnpdéseiaeeeenﬁapoeheyomepdeéetablyumeélenmsthe

facilitates th&éér@éOBQSéb@geﬁPdebB%eab@t%%e% G2TPBLRY1abB8 ng alket@l ues
can be represented wt erent resolutions. However, thé nethod is

preferably int&fBefh FBrdFﬁBgé§eWﬁPEhp85ét98Bresented as bltnaps 21 June
2002 6 As nentionediaboeder~thethexrbebs mleeela&eedhenmtal&ehaa@t ebbadof thie
two images. In_a g&ﬁferged en%o%iv 3t t he Nunbers i gaeg as addresses for
nmenory Iocatloﬂge PcR58E5PE e V6 8??a8r§s§E§§ﬁE &8s 9P| ™ k& 3case,
the 5 | attlé&r atelsfiorabkyedefli decdphpcemend p@mptyoheln@heabddhagedpor
determ ned in 8%%88%9 PSr?E%Bﬁ%%ggyadeﬁt%% S9¥ ige 14sed 9r q2gggessing

a | ookup table ress T2l hs Sai recal cu ate overl ap
assessnent valyespaéaléﬁllé9§tthﬂo0Y§rdﬁ§pB@@@ﬁém@n§o§aﬂpeﬁsWhiﬁ@ érger in

whi ch the plxebeoaeheesseﬁelueeeohelghele@d&%%saha el @QlH”HQEBQQ%e as |ong
as the same order is used for al resses and as ggas the storing of

the overlap assessngRfh vﬁVﬁééaPnaﬁﬁésﬁﬁﬁﬁﬁpVF&HFeCPE ERAAEED tBUPTEN OF

pr edet er m2med maﬂeebvéilappmbapu&eltso gai ¢her den:teTheaeet,hedmaczemwgng to
the invention can ﬁe. ng a”% t.ed egtlgg gwa%e gn Ehatscas t he
nunbers can, aSPhEnht F8H&G560v M Hp&y S|§n PSS SPk ghc d CIFCUIt
whi ch has beenndessgaey tr sdth@ Wwhe QB@ESEUEn20veauhsgfweneseh ofventput
Slonals the COLLESPARTPRNCTVEHian BSSRaINCH oA UEReALE pBEAUIER] BuOLt pU!

signals. Thus s“case e overlap assessnen es are defi ned
t he design of rﬁehgateverﬁéaueSSEﬁﬁyeﬁétW@dueénwbecad@aﬁea@ééeedwObeE@rge

i mages. 25gHovgHEEd. hﬂ @erQ@%rb&deQQO@N@&ﬂ%pE&B@ pRiaad can BRl greated in

software with the g % grocessor whi ch works with a predeterm ned word
length. In thiSUcadedifREt dokup table conprises a plurality of addressabl e
rows, each of whi chwhea the pisgderementd posid iloanghichr pdo¥idesatde t he
pre-cal cul at ed rl S t I ad' i_n h,af, t he
table to the g £ ggegﬁ EE%F%E%DF§%eg§%Fe%¥h OEU % g?%% thg P’sgtlon of
the capacity oﬂethempnedes§@ﬁ ﬂsﬁabﬁaﬁﬁ@dbeF@nweX@mst@erdﬂmf@he@trﬁdWs in

the table gan dle%vadssgﬁwohn e gﬁt@l O Ber FanTRE AT PRIATEL of S

for the net rou | acerent p05|t|ons t he nunb er 0
overl ap assessﬁéﬁt0V§F&é§P§P@réﬂxﬁérV@é@@&adﬂké@@ afhd&heydpeges being

rejected or, preferably, by a combined weighting of the
pixel values for each overlapping pixel. -
The plurality of displacement positions for which
35 numbers are determined can suitably constitute rough
displacement positions, and said at least two displace-
ment positions for which the overlap assessment values



7 21 June 2002 of tables, etc., are suitably determ ned on the basis of the
processor utilised and its cache nenory in order to achieve the highest
speed -possi bl e. Preferably, the paraneters are chosen so that the two

i mges and all of 5 the pre-calcul ated overl ap assessnent V%Lﬁps ﬁg@ Pe
contained in the cache nenory. In a preferred enbodi nent, UREnHRZ |
formed by a first pi ne segnent, which conpﬁises at | east two adjoi ning

pi xel's val ues 11O LORJLg Ly IP0E- 0001 DVeBn10ustanid Lo searent, whi ch

overlaps the fiTs i ne segnen conprises-a ni ng pi xe
val ues as the I¢ast cmenefsregncémpla@amehe pesdhdonmageprasend ing ral fine

segnent, which; d} i I h rat . fine
g 5 secof]‘gfsﬁfam“@ EPbR| Qgrehgﬁ g!gb%ﬂ SeftentN§dd fSiod |

segnent fromt 15 1 nage and Irst “fine segnent

in an adj acent %ﬁ%p@%mlww%nb%vem Enot ﬁ@uﬂét élﬁ-ﬁpﬁ-@tqe@}ﬂﬁ? a

plurality ef nyddetsons. %él@éic@ua otreﬂla?naégbéﬁﬁhéhtr ?ughﬁedlc%wmmﬁr&ra
| Xe val ues | C can

position. In this may QE ny %ﬂﬁ i nc g
overlap 20 in iR |4t %?e%%%FtPBﬁl ﬁﬂnlﬁnaﬂfeﬁ CAeNi%p T ement
positions betv&mmthéusfim&mﬂnsbsﬁtememenpopmsnbnon and the subsequent rough

pos thon - Accor di ngty £ FEnsiESs uboinSHEr Bl ERG, FRYARC TR ERIEL!
pre-cal cul at ecteves &b thvs ebnages wa¢u@sspbacadllofreheSQOQI$$1&ﬁﬂﬂent

positionsggln &E 19 edi@é@fi’o:?p&§f¥sOHBQé’érei‘lltHECﬁx%%@{dé 'c’%m I@Rld on

can be stored e cache nenor ocessor and t hus

accessi bl e, zﬁﬁ1%ﬁ&#Q¥%§|%h%@ %ﬂ%aﬁ@%@%éuéF? gisrdagepnis &WMIQﬁfﬁ%RIa
second subaddresss, theefdrabl Lgb@ﬂpléﬁaﬁcumﬂhd@@e&tibﬁsofmt e 1Rive’In val ues

f the f t d th t t | t I
et eve over i SAUBRIRR - VIR LERLF CRETT 1 4B PRURE. FBr GrarTags Mo xol o
bel ongi ng 35 tpnsimndmrﬁm wintich ehs econde$poedsegrebtiward the secdrehts
subaddress g whi £h £ONSY 5 dét?ooistgft% xﬁ&iﬁ?égk.ge%ogg%hg%aﬁ'l St AL Rg, 4 hird

fine segmént, Deéing use ST nmu eousl refrieve
overl ap assessmlmh V@i spkacenent ceontit iahferepresentl dpﬁifﬁgemtx@lvgrlap*

bel onging to t %éré% and iﬂ@gé@liﬁ €§Q”§E£st'Hlkgbﬁleﬁsefo&O%ﬁ§%ﬁl
address, the fir and the 5 second Ere erap store an overlap

assessment vaJQ@F%%ﬁn%%k%yon%n%ft%a?%®%§tI B@tmﬁﬁB°G|§BFaéé resdsi ti ons,

the sum of thectalMSINGP GBSEHSMEagesl URSther ohbirr i rdiceplos et
posi tion, 8§h|Ch i S etrleved fi&h the first and second subaddresses of an
n .

addr ess, stFXIRHY ertica

The rough displacement positions, which thus consti-
tute a subset of the displacement positions examined, are
preferably determined by the images being divided into a
plurality of rough segments consisting of N x M pixels

25 where N and M are greater than one, the displacement
between two adjoining rough displacement positions con-
sisting of a rough segment. The rough segments can thus
be achieved by the images being divided into columns or
rows, each having the width and the height of several

30 pixels.

The images can be represented in various ways. They
can be analogue, but it is preferable that they be digi-
tal since this facilitates their processing with the aid
of a computer. The pixel values can be represented with

35 different resolutions. However, the method is preferably
intended for images which are represented as bitmaps.



10 overl ap assessnent value for all overl apping pixels of the first, the
second, and the third fine segnent for said first displacenent position.
The overl ap assessnent val ues are preferably stored in the same order with
respect to the displacenent positions for each address, o] that%M}[ey can
be easily added up. In order further to incgease the ITB.tChI ?B%

degree of correspondence between the images is first deternlned wth a
first resolution of Ashmentrgesd @boe edheomuber platealbadgediorndityy acenent
positions and gquent| con so] uti,on,.Qf th

i mges for the ?ggflg%e??gntt%og“{q ol?ihs? 8 egt gag’tffe(f%mdmeﬁﬁaodj glb?%tcgﬂent
positions. |n bhinberayariet usedessiasddrassasejfom nersiny aim&s:xﬁns,hevhirﬁge
uhi ch are not torBt £hRS bl A sl et RAiAL . 47 Mk tg[?ép' y, a

device according to e invention processing unit |c ted to
i mpl enent & netablescasedisng tedlanyafiasst by aqu}mplm@qirrmé@swg- uni t

can be connect egdttg grua@&efﬁlﬂeepq&dlar&g,dﬂwes and can process the inmages
inreal tinme. The 3 Vi C¢ eXhlrt%lts e same advant ges as dffg-‘% net hod

descri bed above, Fe §r r&&ﬁ&&ﬂ%tﬂéﬁ THPE 21 n a
preferred enbodbn’eup tabdel mrﬁ.ram orfars eanhl emeirtead,i m:otrite:frmr Badfd pre-

conput er progr g 5. or. m IS readabl e
with the aid o?g%x\g%gng&tde %l%f %sse%f%%tt V%glegglﬁgd a\ggclda:ll tnd: o0 the
i nventi on 1fan Bespiadementx prisid ions . pa¥ei Isirsledi sipl abdimbnithsogiitiedrs or

only a sel ectl@gluggra(})éamgleg J.Euh‘%h%' %Eid%‘é%@erit Q)%'nto' QU d}taq‘hd’ea der

mat chi ng can be used limt the nunb of posi5 tions nee
checki ng. The ?—?W@n?ﬁoﬁhles S2F\ |°c¥é*@|re1tsou§ thate $1df a,d,_dtr(gﬁs(ege gnd fyges.

I't can be used]¥hgnabWeheMREJTiNEL J10 the Whileted Iarssers%@fentto whsRquent |y

be t to ethe n.th o] on which afford the best correspondence
et heen 10 t hethont BAKEBOF AN inged - leed Gt HToq B SsEes TR OF

i mges whé® onenwrshesiba tledailtbwrder.i nages o~erl ap. The invention is

espect al 1y appl T cabhe el & 1.oh ST 39 SHEEL 18,30 18 oY LSl

Description of the Fventi on can
i npl enent ed vmmenbeddemtmrl@éd' Bel mrwiwcatrer eflay dhed c@sehe tdec asd|Kang

schematic drawggs. aEI fent iDHE %Mﬁ%ﬁpaﬁpﬁﬂ R4 o?fa1d HIY &l idak eof
pi xel s, with one rou% segnent and one fine segnent indi 20 Gated.” Fi g.

2
shows a hypot h&tFEdt o%‘ﬂl%‘pﬁ‘iaﬁg Ny (6 SERGSs 1Fisgehs 3 waws Hhék &°%ddr ess
is formed2gi thetbr gidef spitxelf alpues sfigeala phe adrine splorpiderd apenigp

pixel's 25 in tggsess%ent values are produced as output signals. Thus,
in this case, the overlap assessment values are defined
by the design of the gate circuit. This method can be
advantageous for large images.

25 However, in a preferred embodiment, the method is
implemented in software with the aid of a processor which
works with a predetermined word length. In this case, the
lookup table comprises a plurality of addressable rows,
each of which has the predetermined word length arnd

30 stores the pre-calculated overlap assessment values. By
adjusting the width of the table to the word length of
the processor, the best possible utilisation of the capa-
city of the processor is obtained. For example, different
rows in the table can be added up in an efficient manner.

35 The various parameters for the method, i.e. the
rough displacement positions, the number of overlap
assessment values stored for each address, the number



Fig. 4 shows how the overlap assessnent values for a plurality of different
overlap positions are stored and retrieved sinultaneously. Fig. 5 shows how
the overl ap assessnent val ues are 30 cal cul ated for various displ acenent
positions. Fig. 6 shows how overl ap assessnent val ues are stored

retrieved in the case where subaddresses are enpl oyed. Fig?17JEﬂ8 oW
overlap values for. a plurality of 35 di f f erént di spl acenent positions are

added up si nul §anegusky, et 10 2% 20 i22pi0 Wecllindheling 242 Besq [ ption

of a Preferred Enbodi ment presently preferr odi nent of a nethod

for matching t®%% FhBgPFOGaSF PaMbiidiisFdwed ddi mpahenmemos Ynidin aysler

described bel oy JdBRiBwWePe@IR GfidHie theideed ipodsd Hidnd pirae «2weyihap tpesi tion
whi ch provi des_the bgst possi corresqﬁggfn e between the cont%qt%fof t he
o

bl e
i mages. In or RFTEBEHECS: AGTe SHORSL 5 & F' DG5S G @
correspondéncetha predebdiculaged seesingnta strddsefandn viad uveplcayetbe knt-hi s

exanpl e, the IS I qple d_j tware with the aid of a 32-bit
processor mﬁtEgéggggcénfEgﬁhg%%%gbﬁéﬁﬁ}P%t and with a 16 kB cache nenory,
i n which the i magesInhicprafe nredenmmdinentar @asthonatbesn iex fopiredof a
processor of tihi, Syt ¥peshS 30 RGARMRRUPRIH 1 @bﬂgﬂ¥%§§ at 18R 0¢SSOr
operates under the control of a programwhich is read into the program
menory of the PROCEBIBA. PHY¥E Igay dlneghifdiom fbg fdges dmagsi-ckaed by and fed
into the gachesaespay fahel 3@ gaic@@gssolidh @vedUlaPde Heheiseepeiak he-
present invention_and W ll. therefore not be descrjbed.in myre._detail. One

way, however, TERFo2Rge YPHER SAPRIESHS Gife MDY ARG BIZEL BBIUST way
of introducti cms that fisxstt dineceednent ifrageshs tsecanki dhiageenanti we,

two- di mensi onal peRset and J KO GrliREMI 3 IRIPLY nbhOMa M3 A1 e
processor can réad the 1mages Tnto its cac nNenory.
pixel values as the first fine segment from the second
15 image and which overlaps the first fine segment in an
adjacent displacement position for which the determina-
tion of a plurality of numbers is carried out, i.e. an
adjacent rough displacement position. In this way, the
number will include all pixel values which can overlap
20 in a rough displacement position and in all fine dis-
placement positions between this rough displacement posi-
tion and the subsequent rough displacement position, as
well as in this subsequent rough displacement position.
Accordingly, it is possible to retrieve, with the number,
25 pre-calculated overlap assessment values for all of these
displacement positions.

In order to save memory space so that all necessary
information can be stored in the cache memory of a pro-
cessor and thus be quickly accessible, each address is

30 advantageously divided into a first and a second sub-
address, the first subaddress, which consists of the
pixel values from the first and the second fine segment,
being used to simultaneously retrieve overlap assessment
values in a first table for overlapping pixels belonging

35 to the first and the second fine segment, and the second
subaddress, which consists of the pixel wvalues from the
first and the third fine segment, being used to simulta-



Fig. 1 schematically shows a digital imge 1 consisting of a plurality of

pi xel s 2 of which sonme are schematically indicated as squares. The image is
to be. matched with a like image with partially the same contents. The i mage
is 55 pixels wide and 76 pixels high. It is stored as a bi%gqanmgaggzplxel
t.hus having the value one or zero. In thisgexanple, the value one

represents a black dot and the value zero a white dot. For the
|nplenentat|onn©®u$hﬁ ﬁﬁth@ﬂveeaﬁﬁrlﬁﬁg@SSSSﬂMehﬂeﬂalwes gheaenecoudh

segnents 3 in wsléomosvgf;apﬁ Jﬂﬂfe%Qageﬂ%ngiﬁﬁet? apgs. ffégfe e

five pixels w de and i xe Each roug rs dividedinto
fine segnents Eheeﬁbhréoﬁ§9§?nhg of a hori zont al rom/of five adjoi ning

pi xel s. 5 The roughigegngst §a§eare°§na£@hle§da9e§lﬁiIﬂ@eafpfs'faéh&ytﬁé rough
dlsplacene%é posi ti i rst rough di spl acenent position,

i on tao | aagead] Banha ere St srLOES 2 PEPEI40IAOS RN b HetuBn
such a way thafonneachughesegnnmid3at|hdasaledob@lsbrﬁﬁemgnﬂOpbsmE$on§;Om

cach e oveg) v, QgecSoh0okc! B £ESODd, oyl O 50t ACETRL BOgt Len
rough d|splace@bﬁplﬁgsmﬁnbnpbﬁlvgbnh @hichhesrt@@#ﬂ%ﬂgﬁmwnthOVEelﬁprsfhe

diference betrensbuenadhabahagesoushofl sp! 2as;dd ManbOSLLLAAS b3, Lhus

one rough segnent In eac roug fmant our fi ne posSI tions
are definéd. TWé%’él@Bp@§§§ﬁFm§nH| epluechentalh ‘P‘é@léhl?ihlftl% rixeblghof

di spl acement pegétFORsbY €RHE, sé¥dnd} hake ane £1ouFd PExed Sodmoms. £30 The
rough dlsplaceneqa8805| the fine, dis placenent positions represent

nd
di spl acenents Bt ﬁr§% 8Fﬁ8 aCeRent PRFLEIeRr e ?dﬁve 3P HHFF3Bntally.
I f the inmages wemnt arsbube dreppaeédrabiylsfdtgulinrmﬁeﬂsametﬁm&ezhwﬂther a

nurber of ver tgglodi sphaceueni posLLLONS B3 Al forleidedsogrchayeriLca

di spl acenent posgélon represen 75 pl BCEmERT one pixel T OW
vertical | ¢5 Th@oléh@tpahEYOﬁaﬂlge eashbMBadda@rmpcal dlsplacenent posi tion

for afirst imge |,agdag, Seappel BICLAredbl Cthd Sdtih Ygdashed

lines in the overlap posi tion. fine segnents 4 are oye
det erni ne a nubBerdegres- BﬁtC@EB%EH?%@%%%eVWﬁ%WP¢¢1%hﬁrﬂ@ﬂ%ﬁ%nﬁ$o§é§sﬁo

retrieve pre-caéestmigddonethay ﬁﬁﬁ@@swmw@i&es@fe@w &y di pgra measure
of the degree of_ correspopndenc n nor e overla i ng_pixels for
o certain di s SELEFELONGAE BOSIEFORL TR 7F ot BB BT L PP RERB ¢ he
five IeasQOS|gﬂumseqnenblyswmthtaeseddmesshb@mmg retolwvboh fobnmhef i r st
fine segment 4fm£8e§ h?oy rcﬁ& Hf.@}gfa!:é‘m@ﬁg po&gtgc}nsu?eelgg@gd and
adjoining displacement positions. In this way, it is
possible to reject whole areas of the image which are
not of interest for further examination.
25 More specifically, a device according to the inven-
tion has a processing unit which is adapted to implement
a method according to any one of claims 1-17. The pro-
cessing unit can be connected to a unit for recording
images and can process the images in real time. The
30 device exhibits the same advantages as the method de-
scribed above, that is, it permits a quicker matching of
the images.
In a preferred embodiment, the invention is imple-
mented in the form of a computef program which is stored
35 in a storage medium which is readable with the aid of a

computer.



the five nost significant bits being retrieved fromthe correspondi ng
overl apping fine segnent 4b in the second i nage 1b. The first subaddress
thus represents the value for overl appi ng pixels which one wi shes to
conpare in 5 order to check the degree of correspondence vviZEthneésQ%% to
contents. Fig. 3 shows an exanple of how the first fine segm::n‘t1 43 of five
bits "10010" is retrieved fromthe one imafe la and the second fine segment
4b of five bits 10 | peved fromthe other image |b and ,are put
together into the a%@%jejggth%él%géé%@ong. tl%etrgei’ rdtv d’dr%%ée%e %L npl oyed
to address twoteabkasiné aDR4possiblachi fplecenarie pafitpiosss bbe chlf ex ent
addresses). Th ar h e | cal T 1 and 2_in Fig.
4. In the tablﬁgé’p\/\%lféﬂ' Ii?i.fe ?%%mé%bre@%%r%léﬁﬁoa?%g‘]eﬁ% %Egesel?:alc e J?Fén%?y of
t he processor,eahbier Jratehingafany ke atsed drd dpimids ddemanimbett wet gasi+ ed

scores in he §0bhOWREIR 1E&S éﬁeéw_ schematically in Fig. 4 by way of
an enl argenent of a row in each 20 tablfe, In this exanple, the scores are

cal cul ated as fol | ofRe IRCRYEPT abdi dRPWFARLibeelad ledymeomE RATRh- t wo
over | appi ng blaek @f xahagesualt teon aod nised Whidre tare iwkides ankk ane gy ack

over | appi ng pi al zer olnts., 25 ~ Fi.g. .5 sh t he .scor.es ich are
stored in the rﬁa:%?g%élijﬁn F‘I%ge’g ' ?%s?%'\lﬁ%lt%h b[eh@"‘g:\é%p@se%h%fdbl 0" and
how t hese are pe$tiulen edhiSroaffords therleebt wokalelspohdamteShartesen 4 are

stored i n1pabld. oS fELL PVELL ARIAL PIXCloarf S B Gy Gehd dh
accordancé with'the scoring set” out above. qhé&-§Cores 15 a1

over | appi ng pi %P siegge addeen tonarvishesaitta ivheaak dlovs tdree imagase aweart ap
assessnent val 1g, Whilgd iﬁvér@ti&ﬁ{é)ré‘ﬂ:éé‘iéﬂ% (218 dab 1§ H. aW'Hih% he

address in question, Table 2 in Fig. contai'ns, for each address, e 35
score (Score OYLEMRYPSREM T HLIF9d ne segnents overlap conpl etely,
i.e. the over|Bppehopaditcipt Sowbd fii tted Drawiieys ough di spl acenent position.
This score.is the tot 1 J 20 13 of the scores far five

over | appi gg:, pi xel s ;gnn?f‘l%a}sms eorogc]erl‘onw gc%’ee BYYENTHER £2F BEnt AP S %kach
addr ess, the stoklkshg Stesesilded)baliv vidrie redisirenece Woen hieha dosmpfame-
segnents are pﬁ(é@éﬁé’mﬂ?&'d’fﬁﬁﬂ relation to each 5 other, i.e.
correspondi ng to varjous fine displacenent positions. These scores are
stored in one byte Bth I Bhrw-33) tingsied eang 1644 ndceér ai Ry add tyerafi eved
at the same tigmxaid) wien r&edli Augt Hndrabdlaid QalkUR gl isegnee Nndal-ock
cycle. SCBI’e 1 relﬁﬁt es to the score achieved when 10 the fine segnents are
di spl aced By oS %crenent in relation to each ot her, so that only four
over | appi ng pi xel s Bie. dbtstiowd.a Soaree iz rieladt evetr@abpéngc oife tawhi eved when
the fine segmepi s al e di spl aced by two increnents in relation to each

other, so that onfy three overl apping
Fig. 3 shows how an address is formed with the aid

of pixel values from a plurality of overlapping pixels
25 in two images.

Fig. 4 shows how the overlap assessment values for
a plurality of different overlap positions are stored and
retrieved simultaneously.

Fig. 5 shows how the overlap assessment values are

30 calculated for various displacement positions.

Fig. 6 shows how overlap assessment values are stor-
ed and retrieved in the case where subaddresses are em-
ployed.

Fig. 7 shows how overlap values for a plurality of

35 different displacement positions are added up simulta-
neously.



15 pi xel s are obtained, etc. The displacenents reflect the overl apping
obtained in the fine displacenent positions between the rough displ acenent
position in question and the follow ng rough displ acenent position As can
be seen fromthe above, the overlap assess20 nent val ues m% E
retrieved using the first subaddress relatg only to overla B tmeen
the pixels in the first and the second finé segnent for the displacenent
posi tions exammedlpfhenowefr Iaammdf@&r\da Enbeedwenitn t hese di Spl acenent
positi ons between th I_xe t he f| t f1ne _segnent el s ot her
than the ones in th Sggggﬁ Vlﬁge? &ﬁ?ﬁt Qdﬁgﬁnﬁleg %HQ42 e aid of
t he net hod degetichdgaltove imagesr dertht @apdimilil vt Ioevemlamprimtg @ontfenitzese
over | appi ngs r i . t he
first subaddrgglwe%glgéggggﬁﬁ subagﬂpeﬁiébgﬁr ?ggggleph qkﬁgﬁk%?'elgbalues
inthe first iR §BgneNerdaraPafditions whigh piresidesl tibe bestapdsird fine

segnent 4c Whbﬁblédb%kﬁésFB%d%%%%n%eEM%%nSQﬂ@e%bnt@nkgeo%e%%%g1 g .1b and
whi ch overlaps the first fine se nenéﬁfn t he subsequent rou

di spl acement p8sPEASA. tp,getgrgﬁgﬁg teﬁ@ﬁﬁFétHFeﬁoﬁmﬁh§e§§c@ﬁésé@ﬂéddress
is formed. Theopirsebondknes," 20pkedeticominkd bissekshiene crdtelide 2602 14
segnent 4a in thg first image |la constitute the flve nost significant bits
of the second®%H ggﬁgéss whil e the pixel values "10101" fromthe third
fine segriEht 4c |nInheh$sceHdmp&agethb mamhbdtmselmpéembmeeueaatsoft-
SOl cant SuBbsyhRn BeS1Ad = ubadULSS o HUESEN GICAT of 9 RYCTIA0
assessnent value V f 3 Ri 3 I ne segnment

whi ch overlapqpﬁnéwfpéréﬁp YHgppade wdih Boéﬁtk8n§a§hé mhm@am,nla-whupb

tabl e, which tﬁe'ﬂﬁh%é%eth%hT@Qbet% b Eh%chea al@ EE%r%ﬁorﬁﬁ akam QE
course, calculated in the same Itg}éner as i.n the case of bl e P
0

S
scores are st@ EB PHOCF§§8F38f " tyﬂ@c&FdﬁﬁﬁP?gAgyoFHp@llﬁﬁlbH reIatES
to one owarlapmgmgamlxeheobrbhesbbmsbp@ﬁdtbbeuhhbtdtheneoﬁtgﬁanbf ks stored
in the first t f | @ _row 15 Table 3. Score 3 elates to

t wo overlappi§5035 xeﬁgagg ?ﬁ a FS9n§ﬁd%gﬁepfﬁgfamsgawgﬁ¥ % tb?o?é&"in
the' second bgeesoegtc. In this way, overlap values for four tlne

di spl acenent posit s i d t a th S 0 and

t he second subaddrggg wg? 5 WBEEB %K%elgéggf Q@e ?gggggo t gﬁf?sét and
the second sub&d@r&5g &ﬁcbﬁemﬁaﬁrwapﬁeth§ §5P§Pﬁé6rféie§a@ﬁt§#§ﬁlﬁbénent

posi ti on.2@Eac szopk bheaﬁeomélseatvahwsxtrl@hataﬁa w1li ¥Be@¥ELraPRbRILRI Xel S

For the displ ageeibeBOSh' hle' Be¥45Y" Qe way, however, is to use the

same technique as in the pen described by way of intro-
duction, that is, to record the images with a light-sen-
sitive, two-dimensional sensor and to store them in a

25 memory, from which the processor can read the images into
its cache memory.

Fig. 1 schematically shows a digital image 1 con-
sisting of a plurality of pixels 2 of which some are
schematically indicated as squares. The image is to be

30 matched with a like image with partially the same con-
tents.

The image is 55 pixels wide and 76 pixels high. It
is stored as a bitmap, each pixel thus having the value
one or zero. In this example, the value one represents

35 a black dot and the value zero a white dot.

For the implementation of the method, each image is

divided into eleven rough segments 3 in the form of ver-



25 Fig. 7 shows Tables 1 and 3, a first and a second subaddress enpl oyed to
address these tables, and the overlap assessnent values in separate rows of
the tab: e. A description of how the matching of the inages i~s perforned
is given below. First, a first rough displac~~30 nent position is chgsen.
For this position, a first pair of overlapfing fine segnenfs Pene9%en. -
Suppose that the first fine segnent in the $irst i mge has the pixel val ues

"10010" and t nd.f i.pe 1t LNt e Loeg pi xe
valves 01100+ TGl o RIEN e h LA FATREL pb (oI RE10RIRE. AHROT S BIAEIZ P 5
formthe firsthiharkachbaeaglssegnenboisoddvidegr éster fingppesmenta 4a

third fine seqpmm obhshsedhgi 88 hhBoseeontali PBw o2lriyBe 28004 nipgsegnent
in the second image has the values "1010l". These val ues are used toget her

with the pixelP¥&fues for the first tine segment to formthe second
subaddr ess 5" 10010100 "roddie $égménssbaddresempiogsn! eyedeFonaddr pss-5 both

the figst and f iéeCQEd tabl e..ln thg eXﬁFBIe.?Lven, ghe S or%E 4, 3, 0,
and 1 stored iTeone voF dEar e opt FPHAGETT RETF{PBE -t abPe and™PHE &core 1
i s obtained frbwshersegiondispbieendht pesbhiosubaddwbishi swenpaged t o
address the thy , o) i he.s : , e:abtaihned
in the exanplgh%%vg%éhgﬁzfic§%§§1€§%ﬁ1%%bfggg ngngo3é§§§ 8%8%5 ﬁg %%C%
paral | el , the & of3Y ek Rne, rough sgampat ng, obhdifnefed\vign stpasangi r st
over| appi n9 fingeLInBrdnm Sa¥E DREGe COUBRLEH. ohBCaflBERBFNITROR! kBEBHIM th
two new overl a uﬂgdﬁé fine segnents, until a conﬁlete conpari son between

t he overlappiﬂgﬁ% Fret RRFhbheR: hh¥opEeHIRePRETRBYES ELOR EARE a
word is obtai nathyeé twiIheoterlascoses. adoetlo ugnf eleFahtRsréughddds-t he word
is added to th mongs @rEViousI @ﬁned. Ige écores or four.,different 20

Al pal

obt
di spl acement posTTTONS ER%F%Bh%Xah%e Lpi I 8PUEY REIREPSF SXETSi ngl e
addi ti on. Si ncdephdiszoetfarentevipetweéan gewouat@eoiningddotigbndisphabe-

per f or med,kef g4 &, i £ Bos CAL Y@ dnn & ORSEGHEL efore any storing in
a different Iocaﬁ%gﬁﬁﬁhs ?o bgédone. %%e scgges %é%ﬁ??he 25 second table

are added up in thedBHREREOUFD gSeguarhenbeneafipe sAbsR1AGRMERE BESiEs for
four displ acereidndasid i Qi ReE. anidesle Upeprepantl hedispheceRedtAin

representing th rd obtained with,a first address, consisting of a first
and a second s‘if’gaa\c,ﬁrcé%s?o a"i‘ldr?‘ﬁ%\ﬁm%’r%lp%a?%rﬂ?légeﬂ?gl%bof‘néyt RBSwot-H°obt ai ned

W th a second Edeesmd chmst spixgl ofohuhnsst and a second subaddress, and
th d ' t ' 1 I k
e word Gorepresentjng. %%?ﬂfkﬁg‘%fﬁér@fd?%%gﬁ%. Sp?:?é{e&é‘p?kﬂ@. %1!19‘2

segnents have been exani ned ft acenent “position, the
proce35 dure imlaegrenteddditirs seephesent duppiaoenentsughtaesnpktheenent

positions untiinfdds roual £i spl agerEat 10951 1 2NShBayschesn1gxaficnede
images can also be displaced vertically in relation to
each other, a number of vertical displacement positions

25 are defined, each vertical displacement position repre-
senting a displacement by one pixel row vertically. The
left part of Fig. 3 shows a vertical displacement posi-
tion for a first image la and a second image 1b, which
is indicated by dashed lines in the overlap position.

30 The fine segments 4 are employed to determine a num-
ber of 10-bit subaddresses which in turn are employed to
retrieve pre-calculated overlap assessment values, each
providing a measure of the degree of correspondence
between one or more overlapping pixels for a certain dis-

35 placement position. A first subaddress is formed by the
five least significant bits of the address being retriev-
ed from a first fine segment 4a in the first image la and



16 21 June 2002 If the images can al so be displaced vertically in relation
to each other, the nmethod is repeated for each vertical position, the
i.mages thus first being displaced one row vertically in relation to each

ot her and subse 5 quently all rough and fine displacenentvgfgitloggogelng
exam ned, whereupon the inages are displaggd to the next

di spl acement position and are exam ned and 'so on until all vertical

di spl acenent pnai fLOQSmbauesbgﬁmfie:aﬁme@u:hob\éh akt dissiacamintthe
positions have been e

b f h
bosi 11 on Wt ROt R RGUBLLHoRY EPRPELAG f8] MRS (B a2 (RS Hihnest
score will repmegenlbth@hd|§ptateﬁubadpmsBS|¢MuMnndpnmsanuhﬂthduyd&nﬁ

over| appi ng OkotNgy&oNLERL AgOh1kAT <! IAIEH ohR W A U ULTHL T ed

enbodi ment of e |nven n overlap assessnerl carried out in
t he manned de@édﬁﬁeﬁoaﬁbﬁékmFbﬁ deparer ofe sonreisponsiendse Witdyese st t he
one with whichotheyrahgsstored. In this exanple, a resolution of 25 x 30

pi xel s is used. The, pur_20 pose of this_is the quick selection of rel evant
di spl acenent posi t§d%s BofherVssan @%éﬂPéﬁtpénhGW the ddrsdsfdm@e®@Ibet ween

t he contentﬁ ﬂénthgal gﬂgﬁ"SveSbgﬁeqUQOD'lYJ," h@er@%tﬁl@@e:cds frxei@(eettr@d cfrcz:! t he
i mages in these_and,a n i spl acenent positio ri gi na
resol u25 ti ontPf@etH3 % vtﬁgx ng %ﬁ@eo9§?F§Btag§e§%r gFJg% are
st ored |ﬂOthré@lﬂD@femenretabéeed Thos lths béderdamagien ldr derd taxeitpdt se

t he processortgggkggk % tB”tBP aaa§gsgfngﬁnglgbg%assors it may instead be
suitable to sto E overlap assessnent values in one table or in nore

than three tabl es.ThThi §1xah pubaddspabRedaby eRploker &0 pady&ssortviche
basis of the ghgyesdgsctpphi @Bws eaéthraﬁem%b& GlfAkMésllblfé Rl for

mat ching two ima each con5|st|ng g plurality_ of pixels and having
partially oveF?%gp?ﬂﬁr€6ﬁF§hts Theptap &ﬁeérSfS@@WPe§65ﬁ&§%ﬁ§%%ﬁKm&ﬁlthe

conttentsns:‘Nh t'bﬁbwggESahtal ggi}gemgm nedlfnon:h@l fc%@rl%rst hdihsm}ﬁqutthe_ _
posi tions which represent, different, over pin ma rising
the fol |l owi ng*B#8p3: 21H Staé?érﬁPn.HS 8363§ %P§ on %ﬁﬁ F%' h of a
plurality of ﬂhepéaaeaepreﬁoaltubaggdeawhrﬁapbeﬁsbssmgn&omaimaﬂt«calkrajd
of pixel val U§§ E&QP%QOEH tﬂngéllogEﬁgﬁg 9441 IUMIBLHO Ct%é%geﬁ a=-

assessnment values for at le enment p05|t|ons SI
neously, and inuEigg #hkyoveyl af adsesdmsgemeartued ianrest dMieddy the
degree obhqcorfggpendence between the contents of the inmages for the

different dis Iacenent osi ti ons.
P in hEs exampfe, the scores are calculated as fol-

lows. Two overlapping white pixels equal one point, two
overlapping black pixels equal two points, while one
white and one black overlapping pixel equal zero points.

25 " Fig. 5 shows the scores which are stored in the
tables in Fig. 4 in the row with the address "0110010010"
and how these are calculated. Score 0 is stored in Table
2 and Scores 1-4 are stored in Table 1. For each overlap-
ping pixel, a score is achieved in accordance with the

30 scoring set out above. The scores for all overlapping
pixels are added to arrive at the total score or the
overlap assessment value which is to be stored in the
table in the row with the address in question.

Table 2 in Fig. 4 contains, for each address, the

35 score (Score 0) achieved when the two fine segments over-
lap comﬁletely, i.e. the overlapping which is obtained in
the rough displacement position. This score is the total



2. A nethod according to claim1, further conprising 20 the foll ow ng
steps: - adding up the overlap assessnent values for each of said

di spl.acenent positions, and - using the totals obtained in this manner to
determi ne which of the displacenment positions provides th312§ Q g3ossi bl e
correspondence between the contents of the_inmges. 3. A mét hod accordlng to
claiml or 2, wherein the overlap assessnefAt val ues are added up in

paral |l el for a f «dis e isti O 0 t hod
according to gﬁségéeggk¥e% f%reggg% %E%%%B l% @i&eﬁ athA§ges5ﬁ§egf t he
overl ap assestheprevhybtes Febdeed @@nﬁan@Sbhé@ron60®v@ﬁbaﬁpﬁngtpexel 5 A

et hod accor diggrio 8kores 9Lyl AhiRnlatel LhRRLCHIR $HRO e £hEP Of

putting together the 1mages 35 in_the displacenment p05|t|on whi ch provi des
t he best pos %?%W%nEﬁrP§§p8ﬁ6§ﬁ@élﬂe§%§@ﬂaFﬁé ﬂﬁag@éatlopst91e§ahe 2002 6.

A nmethod gccosehes, t o, QHYC@&Qe% o@hahgstb-5arw6©@eE&n@augsphﬁe@hhhx of
di spl acenent positions f e nunbers are .deter constitute
r ough dISp|ad£ Yl%B§rt¥Bﬁ§eaﬁ&°§§Fda5F FERLTES dB 8P§WL§E§n§ﬁF 5iBo&i ti ons

for which ove32-epitssesdnant wahuascamdlpgd@ubedretmﬂbhaﬂeamsthecaamélse at

| east one f|qgrgés&l@ﬁegﬁgtrggglhlog gBreggglgn?gggﬁgE?L%éPagéﬁgacenent

froma rough splacene SSPETOR fRan th two rough
di spl acenent @kg¢k|@hsle105¢orﬁ ﬁeﬁﬁé@taécﬁpdthg seockaiaghdevebewbien t he

rough di $pl aceqent; pOskL ﬁ@ﬁt%eQ&%sﬁE%pQEEE@r% toaéeah geh@g§ oh &eﬁﬁlﬁages
inafirst direction, an her conBr|S|%3g ge step repeatin
e

met hod for di%¥eReh? %QﬁhlaﬁbﬁﬁQSSSf RE P Ol 8V§§é§ﬁal§9r§éﬁﬁéﬁ 15
8. A net hod a@ﬁ@rdbﬂglﬁéd0|3b6k@ or rélawler eon thhe scewah adhsBk-asewrBh

positions are get r m ned é % ﬁEIg%thVk ed.into a @Iurallty of
rough segment & ¢ohtiet FREVGPER frﬁlgﬁfg 8CCRh BYe TR AAFFEEBESr éBt er t han
one, the di sptatztkon bet eeeh bwhead] sonithgtr ondly dhspkacerentp@fingositi ons
consi sti pg legfkéfﬁﬁgréegﬂﬁﬁﬁne% 2t had éﬁggﬁgh@ﬁeh%sa?éf?%StOEREhe

precedi ng ¢ erein thé 1 mhges consist 0
according to %ﬂ%rbﬂ@PbFGtﬁétﬁﬁ@@édﬂﬁgtéﬁaﬁﬁﬁe ﬂhépéaﬁemﬁetnpﬁﬁetsons

constitute adskesses ©he2polBADLY sbaadknens. pWQhQHo%tQheqﬁéb@1eﬁeéhép
assessmEnt VAl Hes Pl Suihe " Longh” i sp aendnt” poai tion.
As can be seen from the above, the overlap assess-
20 ment values which are retrieved using the first sub-
address relate only to overlappings between the pixels
in the first and the second fine segment for the dis-
placement positions examined. The overlappings which
occur in these displacement positions between the pixels
25 in the first fine segment and pixels other than the ones
in the second fine segment are not picked up with the aid
of the method described above.
In order to permit the examination of these over-
lappings as well, a second subaddress is formed in addi-
30 tion to the first subaddress. This second subaddress con-
sists of the five pixel values in the first fine segment
4a as well as five pixel values for a third fine segment
4c which adjoins the second fine segment in the second
image 1b and which overlaps the first fine segment in the
35 subsequent rough displacement position.
Fig. 6 shows an example of how the second subaddress
is formed. The pixel values "10010" from the first fine



1. A nethod according to claim 10, wherein the addresses are enployed to
address at | east one | ookup table which, for each address, contains the
pre-calcu 3b_ | ated overl ap assessnent values for at |east two displ acenent
positions. ..12. A nethod according to claim11l, which rre\t,\%og, IS 21‘or med
with the aid of a processor working with % pr edet er m ned r uf’%ng and
wherein said at | east one 35 | ookup table éorrpri ses a plurality of

addr essabl ¢ 1 Qumedacly A nthd N AL ARITNP MU LRI ANA AL G40

sai d pre-cal cul ated ,overl ap, assessnent val ues. 19 21 June

met hod accor dft§nid iQaditmbit s \Hertdie aarong subagidsreasne WhidE dihaassessnent

val ues is perbaxead vidl e M 20 TR efrdrh athed kh QeI TSRSt Wl ues as
wel |l as the |r{§ es which are tq be matched can be ,contained in 5 a cache

memory in the profESSBC LI Tt TG 4 Yy Seie S EHE isiaedi ng
cl ai ns, fusthedtsodpr ittiengddendtapaiddfessti ng each nunber of a first fine
segnent, which corrrll.lhi ses, at_ | east, .twg ad'!;!o! ni_ng pixel valyes fromthe first

i mage, and of 10 a S8comy Fahe % ity ShRP: RSGEETERS YRS &% i ne

segnent and whhehpdaedrs sias e nbimstading rihey thiivel Hisleusegaertthevifialst
fine segment {remthe ;SEPNEkd oy hi s , { G
conpri ses as maR’% ltgc{/\gl ni ng%p% x'el v?zfl%??aeg%trﬁe éogrlgtl%ﬁigggg%t&eorﬁgq (r:lg’m t he
second 15 i made tAAGFAWHEH vettigs imdrdicated e Jeddentd im did cadjTacent

di spl acenent pasi sicdres Arahichddie st Ialiciakited ah aHY Wadld tiarfer
nunbers is carried gﬁ? 15. A d acc rdlgg‘to claim14 in conpi,nation
with clai m1035wh&r &IF ERAF Ridreey'S s difRTddd s FEETE 2618 S 4hd T
second subaddi'essvexiske drideat” s Uassrddssyl whisdoreodsi sihd obf reletpiscado val ues
fromthe first_and_th cond fine s nt,..kei.ng_u t Q. si_nul t.aneously
retrieve over Pél% d9seseien nch luxeegl io‘rsliga i rfétrstta%lnéisfe‘g‘re %\tllé'rrllgé inr?g pi xel s
bel ongi ng to Skgmentst .iaﬁlcsudreecseiaoytdIGZEfﬁnsrteb@E@rr@rft A dadplehecsedond
subaddr esps whiapli C NS 13 | i irGlo et of 1O Lhe il rAndh bl 4 i r d
fine segnent, being used to sinmultaneously retrieve overlap assessnent

val ues in a s&doiklrer ST ANDVS dPpinsy SHTENS bdiSofFRGd ¢t Fdef i r st and
the third seggegbnd3® , Aget hod according to claim15, wherein, for each

address, the first=and,.t.he second tabl e séore an o erl ap.assessnent val ue
for each one of saif§ &Y%y« v%vecﬁﬂ?ﬁ denETt 5 s}rlf &N ,lnz?ngﬁ\f/lggr‘aé:ien t he
sum of the oveeh&p passidsisnmentcaralhee sretorierefd msitthditdyel adeimerft thesif i35t i on,
which i . . : ; 4 ’
1ch 1S i@tr'a%\ée(éﬂlés'é&&&? Jdﬂf&%%%ésﬁeﬁf%gqﬂgﬁgﬁ TIREDR 1R adar ess

constitut'es an overlap assessnen appi ng pixel s between
the first, values for the first and the second subaddress an overlap

value is obtained for each displacement position. Each of
these overlap values relates to five overlapping pixels
for the displacement position in question.

25 Fig. 7 shows Tables 1 and 3, a first and a second
subaddress employed to address these tables, and the
overlap assessment values in separate rows of the tab.e.

A description of how the matching of the images is
performed is given below. First, a first rough displacz-

30 ment position is chosen. For this position, a first pair
of overlapping fine segments is chosen. Suppose that the
first fine segment in the first image has the pixel
values "10010" and that the second fine segment in the
second image has the pixel values "01100", as in the

35 example in Fig. 3. These values are used to form the
first binary subaddress "0110010010". Moreover, suppose
that a third fine segment which adjoins the second fine



20 the second, and the third fine segnent for said first displacenent
position. 17. A nethod according to any one of the preceding clains,
wherein the degree of correspondence between the 5 images is first
determined with a first resolution of the inmages for selecéion of 8
plurality of displacenment positions, and is subsequently d 1 efenéd%%i th a
second, higher resolution of the inages be t he displacenent posi tions

sel ected and ad 0|n|n (nﬁﬁf acenent 05|t ons, ice for matching

two i mages, Fecons & 2Pt aﬁftbﬁxgﬁéuﬁﬁd"ﬁ8$9ﬁg partially
over | appi ng cd‘rtntee;tet szalcners are ased tagethes ®idhbyha pnﬁ@essamgeumfbﬂmn ch

is adapted to; I t A cqrdi t n one of L 1-17. 15
19. A device For fﬁ?ﬁ% WOQ%@%%%SQ egggmcgﬁgl nado?ug §96F§F|ty of

pi xel s and haVﬂ@@1§éﬁQQéWIyibmeﬁhapﬁlﬁgbéddteﬁSS;smhmphogedlte addpeisses a
storage megi U, ticele 'ﬁfseca%?m T scbhig 848187 2nCefRULELnARd | n whi ch

is stored a conputer program 'enmentin cording to
any one of cl &if€n- Fhe sgoreg rAA:A Af 2R8, i atarad hnaona| WORY. AUEA
(?fyfg7¢>>>ﬁgﬁbq31ned ﬁ;g: the flrsf tgblﬁgang tEi szore 1P}fﬂ£?ta1nef U
vgl ga\V] c*a %%a cal.ca %g ? cal call c
a] ca] cal] ca] c& %’gﬂs AP E BRAPEEERER RIE& BWEZEGE
ELLVTYTfTIXSXEb address the thlrd table, from which the scores 2,
\]]cccobd kk{vq ca ca Ul cal cal ca C ca]ca]caU
] ca] ca]ca féaﬁc %%ca ca é%fc%]ca%c%fg%§gg]%é T4 fﬁ; Lore ?L
kssssusz‘zczﬂ?@dﬁ@féTW@EU@v@#@l@Uﬁﬁ@]uannaPea@bé?ta]th@ca¢t&a]sapcapcaLﬂc
?agabﬁgcha]C@]c@g%ggykcgkggkp@b ﬁggggg]ca]ca]ca]ca]caU]ca]ca]caYMNﬂle
"109%& () - 0 | T@z( 109@hen [Chﬁz(alé%ﬁ'S(C) QV?IMBg&@t Bine 1989menys ave been
"10% P' P& () - comparel)%theP&atlhing cont108E£t &th) twdbinew od@¥Bappinke

15 fine segments, until a complete comparison between the

overlapping rough segment or segments has been performed.
Each time a word is obtained with the four scores
added up for Tables 1 and 3, the word is added to the
words previously obtained. The scores for four different
20 displacement positions are thus added up in parallel by
means of one single addition. Since the scores are low,
a large number of additions can be performed before there
is a carry and, consequently, before any storing in a
different location has to be done. The scores from the
25 second table are added up in the same way. Fig. 8 schema-
tically shows how the scores for four displacement posi-
tions are added up in parallel, the word A representing
the word obtained with a first address, consisting of a
first and a second subaddress, and the word B represent-
30 ing the word obtained with a second address, consisting
of a first and a second subaddress, and the word C repre-
senting the total obtained.
When all overlapping fine segments have been examin-
ed for the first rough displacement position, the proce-
35 dure is repeated for the second and subsequent rough dis-
placement positions until all rough displacement posi-
tions have been examined.
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vertic dlsplacement position and are examined and so on

until all vertical displacement positions have been scan-
ned.

10 When all displacement positions have been examined a
score will have been obtained for each position. With the
assessment criterion used in this example, the highest
score will represent the displacement position which pro-
vides the best overlapping of the contents of the images.

15 In a presently preferred embodiment of the inven-
tion, an overlap assessmetit is first carried out in the
manner described above with a lower resolution of the
images than the one with which they are stored. In this
example, a resolution of 25 x 30 pixels is used. The pur-

20 pose of this is the quick selection of relevant displace-
ment positions for closer examination of the correspon-
dence between the contents of the images. Subsequently,
the method is repeated for the images in these and ad-
joining displacement positions for the original resolu-

25 tion.

In the above example, the overlap assessment values
are stored in three different tables. This has been done
in order to utilise the processor optimally. In the case
of other processors, it may instead be suitable to store

30 all overlap assessment values in one table or in more
than three tables. This can be determined by the skilled
person on the basis of the above description.

-
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plurality of numbers for each o
plurality of displacement positions, each number being
formed with the aid of pixel values from both images,

- using each number to produce overlap assessment
values for at least two displacement positions simulta-

15 neously, and

- using the overlap assessment values in determining
the degree of correspondence between the contents of the
images for the different displacement positions.

2. A method according to claim 1, further comprising

20 the following steps:

- adding up the overlap assessment values for each
of said displacement positions, and

- using the totals obtained in this manner to deter-
mine which of the displacement positions provides the

25 best possible correspondence between the contents of the
images.

3. A method according to claim 1 or 2, wherein the
overlap assessment values are added up in parzllel for
a plurality of displacement positions.

30 4. A method according to any one of the preceding
claims, wherein at least one of the overlap assessment
values relates to more than one overlapping pixel. ]

5. A method according to any one of claims 1—4,-fur—
ther comprising the step of putting together the images

35 in the displacement position which provides the best pos-
sible correspondence between the images.
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10 7. A method according to claim 6, wherein the rough
displacement positions represent different overlappings
of the images in a first direction, and further compris-
ing the step of repeating the method for different over-
lappings of the images in a second direction.

15 8. A method according to claim 6 or 7, wherein the
rough displacement positions are determined by the images
being divided into a plurality of rough segments consist-
ing of N x M pixels, where N and M are greater than one,
the displacement between two adjoining rough displacement

20 positions consisting of a rough segment.

9. A method according to any one of the preceding
claims, wherein the images consist of bitmaps.

10. A method according to any one of the preceding
claims, wherein the numbers constitute addresses of

25 memory locations, which store said overlap assessment
values consisting of pre-calculated values.

11. A method according to claim 10, wherein the
addresses are employed to address at least one lookup
table whiéh, for each address, contains the pre-calcu-

i 30 iated overlap assessment values for at least two dis-
plaééﬁent positions.

.12. A method according to claim 11, which method is
performed with the aid of a processor working with a pre-
determined word length and wherein said at least one

35 lookup table comprises a plurality of addressable rows,
each having the predetermined word length and storing
said pre-calculated overlap assessment values.
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10%9& () 10100P 48Bbha fine segment, which overlaps the first fine seg-
ment and which comprises as many adjoining pixel values
as the first fine segment from the second image, and of
a third fine segment, which comprises as many adjoining
pixel values as the first fine segment from the second

15 image and which overlaps the first fine segment in an
adjacent displacement position, for which*'the determina-
tion of a plurality of numbers is carried out.

15. A method according to claim 14 in combination
with claim 10, wherein each address is divided into a

20 first: and a second subaddress, the first subaddress,
which consists of the pixel values from the first and
the second fine segment, being used to simultaneously
retrieve overlap assessment values in a first table for
overlapping pixels belonging to the first and the second

25 fine segment, and the second subaddress, which consists
of the pixel values from the first and the third fine
segment, being used to simultaneously retrieve overlap
assessment values in a second table for overlapping
pixels belonging to the first and the third segment.

30 16. A method according to claim 15, wherein, for
each address, the first .and the second table store an
overlap assessment value for each one of said at least
two displacement positions, and wherein the sum of the
overlap assessment values for a first displacement posi-

35 tion, which is retrieved using the first and second sub-
addresses of an address, constitutes an overlap assess-
ment value for all overlapping pixels between the first,
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displacement position.
' 17. A method according to any one of the preceding
claims, wherein the degree of correspondence between the
5 images is first determined with a first resolution of
the images for selection of a plurality of displacement
positions, and is subsequently determined with a second,
higher resolution of the images for the displacement
positions selected and adjoining displacement positions.

10 18. A device for matching two images, each consist-
ing of a plurality of pixels and having partially over-
lapping contents, characterised by a process-
ing unit which is adapted to implement a method according
to any one of claims 1-17.

15 19. A device for matching two images, each con-
sisting of a plurality of pixels and havihg partially
overlapping contents, which device comprises a storage
medium, which is readable with the aid of a computer and
in which is stored a computer program for implementing

20 the method according to any one of claims 1-17.



