Automated Image Rectification in Video-Endoscopy
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Abstract. Video-Endoscop hasproven to be significantlylessinvasive to the
patient. However, it also createsa more complex and difficult operatingervi-

ronmentthat requiresthe suigeonto operatethrougha video interface. Visual
feedbackcontrolandimageinterpretationin this operatingenvironmentcanbe
troublesomeAutomated image analysishastr emendouspotential in impr ov-

ing the surgeon's visual feedback,resultingin better patient safety, reduced
operation time, and savings in health care. In this paper we presentour de-
sign of animagerectificationalgorithmfor maintainingthe head-updisplayin

video-endoscgpandreportsomepreliminaryresults.
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Video-endoscop|[1, 2] are minimally invasve sumgical proceduresvheresmall inci-

sionsare madeon the patientto accommodateurgical instrumentssuchas scalpels,
scissorsstapleguns,anda video endoscopeThe scopeacquiresvideo imagesof the
bodily cavity thataredisplayedona monitorto provide visualfeedbacko the sugeon.

Thoughvideo-endoscophasprovento betremendouslypeneficiain shorteninghere-
cuperatiortime andloweringthetreatmentost[1, 2], this patient-orientedechnology
hasincreasedhe difficulty of performingthe proceduregor the sugeon.E.g.in open
suigery, thoughthe sugeonmay move aboutthe operatingtable and view the body
anatomyfrom differentviewpoints,the suigeons senseof up anddown is maintained.
Or in the computergraphicsterminology the “head-up”vector which indicatesone's
generaberceptiorof the“up” directionin theervironment,is unchanged.

But in video-endoscop the bodily cavity is not exposedandthe surgeons perception
of the“up” directionis establishedhroughthe understandingf the anatomyA large,
about-the-axigsotationof the scopeandthe camerawill changethe orientationof the
body anatomy which oftentimesresultsin the lossof one's orientationandbearing.
Hencehow to compensatéor theabout-the-axisotationof thevideoscopeo maintain
theright “head-up”display(i.e.,adisplaywheretheimageis rectifiedandre-orientedn

suchawaythattheview correspondso thattakenwith anuprightcamera)s important.

We proposea new formulationfor rotationsensingand compensatiofasedon novel
imageanalysistechniquesThe imageanalysistasksproposecherecanbe statedsuc-
cinctly asfollows: Given a video sequenceaken during an endoscop sumgery, with
large panningandrotationof the scope deducethe amountof the about-the-axisota-
tion relative to a specifiedreferencdrame.Theimagesarethenrectifiedanddisplayed
in suchaway asif thecameras heldin anuprightorientation.

Theessencef our rotationestimatiorandcompensatioschemas to trackanatomical
featuresin an endoscopicideo sequencend usethe tracked featuresover time to
deducethe cameramotion parametersThe recoreredmotion parametershen allow
rotationof the cameras head-upvectorrelative to thatof areferencdramecomputed.
Imagescanthenbere-renderedy compensatingpr therotationof the head-upvector

Fig. 1 shonvs someimage segmentationand tracking results.This preliminary result
shaws our ability to distinguishinstrumentregionsfrom organregions(seecaptionfor



explanation).Fig. 2 showns 2D and 3D trackingresultsover a sequencef about200
frames Fig. 2 (a) shawvs typical 2D featurelocationerrorsasa functionof time, while
Fig. 2 (b) shavstheabsoluteerrorin estimatedangleof rotationin 3D cameramotion.
Bothresultsarequitegood.

Fig. 1. Upperrow: (a) Originalimage.(b) Binaryimagefrom color classificationBlackandwhite
pixelsrepresensumgicalinstrumentsandorgans respectiely. (c) Directionalmedianfilters were
usedto suppressioise.(d) Labeledimage differentcolorsrepresenisolatedinstrumentegions.
(e) Computedboundingboxesthatdelineatenstrumentegionsin imagesLower row: Tracking
of instrumentegion.

Fig. 2. (a) shavs the 2D trackingerror positionsasfunction of time over about200frames.(b)
shavs the 3D trackingerror (deviationin estimatedangleof rotationfrom groundtruth).
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