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Abstract. Video-Endoscopy hasproven to be significantly lessinvasive to the
patient.However, it also createsa more complex and difficult operatingenvi-
ronmentthat requiresthe surgeonto operatethrougha video interface.Visual
feedbackcontrolandimageinterpretationin this operatingenvironmentcanbe
troublesome.Automatedimageanalysishastr emendouspotential in impr ov-
ing the surgeon's visual feedback,resulting in better patient safety, reduced
operation time, and savings in health care. In this paper, we presentour de-
sign of an imagerectificationalgorithmfor maintainingthe head-updisplayin
video-endoscopy andreportsomepreliminaryresults.

Video-endoscopy [1,2] areminimally invasive surgical procedureswheresmall inci-
sionsaremadeon the patientto accommodatesurgical instrumentssuchasscalpels,
scissors,stapleguns,anda videoendoscope.Thescopeacquiresvideo imagesof the
bodily cavity thataredisplayedonamonitorto providevisualfeedbackto thesurgeon.

Thoughvideo-endoscopy hasprovento betremendouslybeneficialin shorteningthere-
cuperationtimeandloweringthetreatmentcost[1,2], thispatient-orientedtechnology
hasincreasedthedifficulty of performingtheproceduresfor thesurgeon.E.g. in open
surgery, thoughthe surgeonmay move aboutthe operatingtableandview the body
anatomyfrom differentviewpoints,thesurgeon'ssenseof up anddown is maintained.
Or in thecomputergraphicsterminology, the “head-up”vector, which indicatesone's
generalperceptionof the“up” directionin theenvironment,is unchanged.

But in video-endoscopy, thebodily cavity is not exposedandthesurgeon'sperception
of the“up” directionis establishedthroughtheunderstandingof theanatomy. A large,
about-the-axisrotationof thescopeandthecamerawill changetheorientationof the
body anatomy, which often timesresultsin the lossof one's orientationandbearing.
Hence,how tocompensatefor theabout-the-axisrotationof thevideoscopetomaintain
theright “head-up”display(i.e.,adisplaywheretheimageis rectifiedandre-orientedin
suchawaythattheview correspondsto thattakenwith anuprightcamera)is important.

We proposea new formulationfor rotationsensingandcompensationbasedon novel
imageanalysistechniques.Theimageanalysistasksproposedherecanbestatedsuc-
cinctly as follows: Given a video sequencetaken during an endoscopy surgery, with
largepanningandrotationof thescope,deducetheamountof theabout-the-axisrota-
tion relative to a specifiedreferenceframe.Theimagesarethenrectifiedanddisplayed
in sucha wayasif thecamerais heldin anuprightorientation.

Theessenceof our rotationestimationandcompensationschemeis to trackanatomical
featuresin an endoscopicvideo sequenceand usethe tracked featuresover time to
deducethe cameramotion parameters.The recoveredmotion parametersthen allow
rotationof thecamera'shead-upvectorrelative to thatof a referenceframecomputed.
Imagescanthenbere-renderedby compensatingfor therotationof thehead-upvector.

Fig. 1 shows someimagesegmentationand tracking results.This preliminaryresult
showsourability to distinguishinstrumentregionsfrom organregions(seecaptionfor



explanation).Fig. 2 shows 2D and3D trackingresultsover a sequenceof about200
frames.Fig. 2 (a) shows typical 2D featurelocationerrorsasa functionof time,while
Fig. 2 (b) showstheabsoluteerrorin estimatedangleof rotationin 3D cameramotion.
Both resultsarequitegood.

Fig.1.Upperrow: (a)Originalimage.(b) Binaryimagefromcolorclassification.Blackandwhite
pixelsrepresentsurgical instrumentsandorgans,respectively. (c) Directionalmedianfilterswere
usedto suppressnoise.(d) Labeledimage,differentcolorsrepresentisolatedinstrumentregions.
(e)Computedboundingboxesthatdelineateinstrumentregionsin images.Lower row: Tracking
of instrumentregion.
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2−D tracking: real position and tracked position vs frame #
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Fig.2. (a) shows the2D trackingerrorpositionsasfunctionof time over about200frames.(b)
shows the3D trackingerror(deviation in estimatedangleof rotationfrom groundtruth).
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