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1 Issueswith documentskew

Scanneddocumentanbe expectedto have somedocumentskew. A few tenthsof a degreeis

typicalfor cutsheepaperthatis fed with anautomaticdocumenteedeyandit is barelynoticeable.
However, for scandrom boundvolumesor pagesmanuallyplacedin afeederor on a platen,one
degreeof skew is commonandtwo degreess notunusual.

Therearethreemainreasongor removing the skew. Thefirst is appearanceAnything more
thanabout0.25degreeq0.004radian)is quite noticeable. The seconds thatit is importantto re-
move skew if ary analysiss to bedoneonthe page.The presenc®f skew, andparticularlymore
than0.01radianscomplicategsheanalysisof pageelementsuchastext columns.Thethird is that
the performancef symbol-basedompressiomn multipagedocumentss badly degradedby ran-
domskew of 0.01radianor more,becausé¢he samecharactersreplacedin differentequivalence
classeslueto skew.

Printeddocumentgaypically have a single,global skew angle,andremoval of skew by image
rotationis simpleoncethe skaw angleis known. Sotheissueis how to find skew.

Somecomplicationghatshouldbe keptin mind aswe discusdifferentmethodsare:

e Pageswith halftoneimagescanhave mary tiny dots,often coveringanappreciabldraction
of thepage

e Pageswith multiple columnsoften have no alignmentbetweentext lines in the different
columns.

e Pagesscannedrom bounddocumentoften have part of the opposingpageappearingat a
skew anglediffering by severalhundredth®of aradian.

For mary applicationsjt is importantto find the global skew in atime thatis a smallfraction
of the processingime for the scanningor for othercomputation,suchas OCR. Thus, a typical
engineeringequirements to find the skew anglein afractionof asecond.



2 Methodsfor determining documentskew

2.1 Useall the pixels

Many papershave beenpublishedon how to determinethe skew of printeddocumentsThey can
be divided into two groups: thosebasedon the projectionprofiles of markers derived from the
image,andthosebasedon projectionprofilesof all the pixelswithin binaryimages.A projection
profileis afunctionthatis the sumof eithermarkersor ON pixelsalonga setof parallellines,with
the parallellines taken throughthe imageat a spacingof approximatelyone pixel. The easiest
projectionprofile to computes the horizontalone,takenalongtherasterines. In theory thelines
canbeatary angled with the horizontal(raster)axis.

Someearlypapergca. 1990)tendedo esch& computatioronlargebinaryimages.Underthe
impressiorthatit would take onthe orderof a minuteto estimatehe skew angle they would spend
perhapsl0secondgo find the connectedcomponentsandchooseamarker from eachcomponent.
Typically, you might choosea marker from the bottom of the boundingbox for eachconnected
component.Thenfor characterghat dont have descenderghe marker would approximatethe
baselineof the line of text at that character From this typically sparseset of markers, it was
relatively easyto find the bestglobal skew anglesuchthatthe markerstendedo line up.

However, sinceit is possibleto computetheskew angleusingall the pixelsin thebinaryimage
in asmallfractionof asecondsuchmethodsarepreferredoverthoseusingaselectionof markers.
Further wherethereare a very large numberof connecteccomponentsn a halftoneimage,the
marker methodfails for two reasonsthe connectedomponentalculationis slow andmostof the
resultingmarkersarenoise.And finally, thereareproblematiamagesdescribedabove, for which
useof markerswill fail.

2.2 Useprojection profiles

The useof the Houghtransformfor finding the projectionprofilesis common.The Houghtrans-
form is a transformfrom (z, y) pixel spaceto (6, p) projectionspacewheref is the anglewith
respecto thex-axisthatgivestheprojectiondirectionandp is thecoordinatealongtheline perpen-
dicularto the projectiondirectionthatpasseshroughtheorigin. Thus,p parametrizeghelocation
of the projectionsum. The basicequationfor the Houghtransformof animage f(x, y) is:

p(p,0) = //f(x,y)&(p—k xsin @ — ycos 0)dx dy (1)

Thisis easilyinterpreted TheDirac deltafunctionhasmeaningonly within anintegral. Integrating
over a deltafunction extractsthe value(s)of the function f(z, y) wherethe agumentof the delta
functiongoesto zero;i.e.,atd(0).

For eachvalueof p andd, §(0) givesyou a straightline thatsatisfies

y=g(x)=p/cosf + ztanf 2



sothatthe doubleintegral integrates(or sums,in the discretecase)all valuesof f(¢(z),z) along
thisline. Theline in (2) is atanglef with the x-axis,hasa slopetan #, andinterceptghey-axisat
p/ cos 0. Draw the diagramandverify this.

This canbere-paramaterizemhto a singleintegral over the straightline:

p(p,@):/f(psin&+scos0,pcos€+ssin9)ds (3)

If thereis a global skew angle,it might be hopedthatthe Houghtransformhasthe largestset
of peaksin p for somespecificvalue of skew anglef. This ideais quantifiedbelon usingthe
varianceof the projectionvalues. We have describedhe Houghtransformfor threereasonsi(1)
it doesgive you the projectionprofiles,which arenecesaryor the computatiorof skew angle,(2)
it is usuallymentionedn theliterature,and(3) it is equivalentto a very importanttransform,the
Radontransform thatis usedfor finding tomographidslice) solutionsof inverseproblems such
asdensitiesjn medicalimaging.

For completenessye notethat the Radontransformis usually definedby usingthe angle ¢
(with the x-axis) madeby the perpendicularfrom the origin to the projectionline, ratherthan
the anglemadeby the projectionline itself. (As before,p is the distancefrom the origin to the
projectionline.) Theangle¢ is relatedto 6 by

p=0+m/2 4)

Thenin termsof ¢, the standardormsfor the Radontransformare
p(p,9) = [ [ F(z.9)0(p — wcos ¢ — ysin g)dz dy (5)
p(p,9) = [ f(pcosd = ssin g, psing + s cos ¢) ds )

We usethe definitionsin (1) and(3) becausehey give the skew anglein termsof 4, the angleof
the projectionwith thex-axis.

2.3 Usethe variance of the projection profiles

Intuitively, if we take the projectionprofilesattheglobalskew angleof thetext (i.e., parallelto the
text lines),we expectthatsomeprojectionvalueswill have largevaluesandotherswill have small
values,dependingon whetherthe projectionrunsthrougha text line or betweenlines. Thus,we
shouldmaximizethe varianceof the projectionvaluesp. If we have N projectionsfor eachangle
6, thenthe expectationvalueof the projectionis

<p>=(1/N)>_p (7)

andthevariancewhich measureghe deviation from the averages



Ap(f) = (1/N)Y (p—<p>) (8)

p
= (I/N)Y (P -2p<p>+<p>? (9)
= <p2>—<p>2 (10)

The expectationvalue of the projection,< p >, givenin (7), is proportionalto the sum of all
foregroundpixels,andhences a constantjindependentf the projectionanglef. Consequentlyit
sufficesto determinethe angled thatmaximizes< p? > alonein (10), asthe < p >?2 termgives
the sameadditive constanto eachvalueof Ap(f).

It may beworth notingthatother morecomplicatedcomputation$ave beenadwocated.One
of theses the auto-correlatioriunction of the projections.This givesarelatively large oscillating
signalwhenthe projectiondirectionis alignedwith thetext lines. However, it is silly to calculate
this function becauset takesfar morework to computethanthe variance,andonceyou have it,
you still needto reduceit to a singlenumberthat canbe maximizedasa functionof . And that
singlenumbercanbe no moreindicative of alignmentthanthe variance.

2.4 Usethe variance of the projection profile derivative

The methodadwocatedhereis describedn detailin "Measuringdocumenimageskew andorien-
tation;, D. S. Bloombeq, G. E. KopecandL. Dasari,SPIE Conf 2422: DocumentRecognition
Il, pp. 302-316,SanJose,CA, Feh 1995. It canbe found online at wwwleptonica.com&cent-
pubs.html

Thereare several problemswith usingthe maximumof the varianceto find the global skew
angle:

e Thepeak(variationwith 0) is quitebroad.Thehalf-angleis roughlythe x-heightdivided by
thewidth of thetext line. With abroadpeak,it is difficult to find the centeraccurately

e The methodtendsto fail when thereare multiple columnsof text. Often with multiple
columnsthetext linesdonotline up acrosscolumns.With arandomdistribution of text line
positionsin eachcolumn,thevariancein the numberof pixelsis greatlyreduced.

e Themethodtendsto fail whenthescanincludessomeof asecondpage.Theeffectis similar
to situationwith unalignedext linesin multiple columns.

e In someimagesthe signal-to-noisdevel is small. For imageswith large halftoneregions,
little of the contrikutionto < p? > comesfrom the text lines. The halftoneregions can
adda significantamountof noiseto the remainingsignal, further complicatingthe task of
identifying the peak.



All theseproblemsaresolved by usinga differential signalfromthe projectionprofile. Heres
the prescription:Take the differencein projectionvaluesbetweemeighboringvaluesof p, squae
them,and sumover all valuesof p. Mathematically denotethe individual projectionsp(p, ) as
pi(0), wheretheindex i runsover all valuesof p. Thenwe arecomputingasignal S ()

S(0) =Y (pi(0) — pi—1(6))? (11)

I3
This hasmaximumcontributionsfor projections(valuesof ) thatrun alongthetext baselinesand
x-heights. It hasessentiallyno contribution from projectionpairsthat run througheithertext or
betweenthetext, or throughlarge regionsof halftonenoise. It works well for multiple columns,
regardlesf therelative text line alignmentin the columns.And the peakis very sharp,having a
width in radiansof approximately2/(text line width in pixels).

2.5 Other waysto compute projection profiles

Computationof the Houghor Radontransformsin librariessuchasMatlab are not optimizedto
handlelarge binaryimages.Further the valuesof # to be computednustbe specifiedn adwance.
We discusssearcthalgorithmsfor maximizingS(6) in thenext section.Here,we discusghe calcu-
lation of the projectionprofilesfor a givenvalueof 6.

For binaryimagespnehastwo choices:

e computethesumof ON pixelsalongparallellinesatangled, or

e doaverticalshearon the imagethat correspondso the anglef, andthencomputethe sum
of ON pixelshorizontallyalongtherasterines.

Eitherof thesemethodscanbeoptimized,butit is easierto sheatheimageandthencountON
pixelsin therasterines. Notethatit is moreefficientto do a singleverticalshearthanto actually
rotatethe image,andthatthe vertical shearandthe rotationhave the sameeffectin putting pixels
initially distributedon a line at anglef# onto a horizontalrasterline. Shearingaboutone edgeof
theimage,andnot aboutthe center doublesthe ability to make small“rotations’

The vertical sheatris efficiently implementedusingrasterops.The basicrasteroptakesa rect-
angularblock of a sourceimageanddoessomelogical operationwith the existing pixels, at the
new location,of the destinationmage. For the vertical sheaythe rectangulablock of the source
imageis moved up or down andjust written into the destinationimage. The numberof blocks
moved increasedinearly with the anglef, andthe width of the block in pixelsis approximately
1/6. Thenthesumof ON pixelson arasterline canbe donevery quickly usingan 8-bit or 16-bit
tablelookup.



2.6 Usinglinear and binary search

If theabsolutevalueof theimageskew is not expectedio exceedsomevalued™**, asearcmeeds
to bedonebetween—6"¢* and+6™*. A typical valuefor §™4* is about5 degrees.Therearetwo
generalpproacheso the searchor the optimumangled:

e Sweepat equalintervals,followedby interpolationfor the peak.

e Binary searchwith interval halvinguntil the peakis located.

Either methodcan be used,and both methodscan be combined. However, whenusing the
varianceof the differential profile sums,the peakis very narrov. More thanabout0.01 radians
from theactualskew angle thesignalis essentiallyflat. Thereforeabinarysearctstartingatlarge
angless likely to missthe peak.

Therearemary possiblemethoddor doingthe search Amongthem,thefollowing will work:

e Linearsweepat equalintervals. Whenthe peakis determinedo be betweentwo valuesof
6, do anothellinear sweepbetweerntheseendpointsusingsmallerincrements.This canbe
followedby interpolationfor thefinal value.

e Linearsweepat equalintervals. Whenthe peakis determinedo be betweenwo valuesof
#, doabinarysearchn 6 with interval halvinguntil the peakis located.

e Do abinary searchusingthe varianceof projectionvalues(not the varianceof differential
projectionvalues) which hasa sufficiently wide peakthatit is likely to befoundby interval
halving. Refinethe searchusingdifferentialprojectionvalues.

Theinterval halvingmethodcanbe doneasfollows. Suppose/ou aresearchingn theinterval
of width A, from 6, to 6, + A. Youalreadyhavethevaluesatf,, 6, + A/2, andf; + A. Youthen
find thevaluesattheintermediatelyspacedinglesd; + A /4 andf; +3A /4. Fromthesefive points
you find the value of # with the largestsignaland choosethe two nearestvaluesof 6 within the
intenval to it. Thesethreevaluesof  thenconstitutea new interval of sizeA /2, andthe processs
repeated.

3 Evaluating the result

Suppose/ou useoneof thesemethodsandapplyit to animagethathaslittle or no text. Perhaps
you have analyzeda line drawving or a halftoneimage. You have found a skew angle,but how do
youknow it is correct,or evenhasarny meaning?You mustevaluateit for validity.

Thisis notdifficult to do. You evaluatesomefunction of theresultyou getandtestit againsta
threshold.The purposemay beto geta number or simply to geta booleanoutput(valid/invalid).
It is difficult to geta numberherethatrepresents known statisticon theimagefor skew, suchas



the probabilitythatit is correctwithin someerrorrange,sowe won’t worry aboutthat. (However,
for the determinatiorof orientation— up or down — onecaneasilygive a statisticalweightto the
result. Thisis describedn the papereferencedbove.)

To evaluatethevalidity of the skew angle,you cancomputeary or all of thefollowing:

e Gettheratio of the peakheightto the averagevalue.
e Gettheratio of the peakheightto the heightof the next largestpeak.

e Findthewidth (say half width at half maximum)of the peak.

As ageneratule,if thepeakis narrav, andthe peakheightis muchlargerthanboththeaverage
backgroundandthe heightof the next-highestpeak,you canassigna very high confidenceo its
value. Thingsgetfuzzier whenone of theseconditionsis not obtained. For example,a second
peakof significantsizecanrepresenpartof anothempagescannedt a differentangle(asoftenis
foundwhena boundvolumeis scanned)However, evenavery smallamountof text, suchasone
or two text lines, canprovide a signalthatis sufficiently robustfor determiningthe skew angleto
within +0.003 radians.

Theaccuray of theangledeterminations relatedto thewidth of thepeakin S(6). For anideal
imageandscan,the anglecanbe determinedo approximatelyl /L, where L is thelengthof the
text linesin pixels. For atext line of width 1500pixels,this givesanuncertaintyin the skew angle
of lessthan0.001radiangabout1/17 degree),far below the ability of the eye to detect.

The peakin S(#) canbe degradedby variousfactors,suchasvery shorttext lines, multiple
columnsof text with randominter-columnalignment curvedbaselinegsrom scanningout-of-focus
nearbindings,etc. But in mostsituations the differentialvariancemethodis sufficiently goodto
provide areferencestandardor skew of ary scannedlocument.



