
3 Dimensional Measurement bySatellite Remote Sensing for Disaster MonitoringTakahiro NAKAGAWA*, Masashi HYODO** and Masataka TAKAGI***Department of Infrastruture Systems EngineeringKohi University of TehnologyTosayamada, Kohi, Japan*E-mail:115114y�gs.kohi-teh.a.jp***E-mail: takagi.masataka�kohi-teh.a.jpSummary : SHIKOKU Island in Japan has many slope failure disasters by the torrential rain everyyear. The slope failures indue other serious disaster suh as landslide, mudow and debris ow.Therefore, hidden slope failure must be found immediately. PRISM sensor mounted on ALOS hasthree lines sanner with 2.5m ground resolution and it an be observed at the same time from sameorbit. Then, three dimensional (3D) measurements an be arried out in 2.5m spatial resolution. The3D measurement using PRISM has a potential to detet slope failure. In the present researh work,auray veri�ation of 3D measurement using PRISM was arried out and the possibility of widearea monitoring of slope failure disaster was onluded. Result showed about 1 pixel error in z axis.Then, at least 5m width of slope failure might be expeted to detet by PRISM using 3D perspetiveprojetion.Keywords: 3D Measurement, Slope Failure, Disaster Monitoring1 INTRODUCTIONMudow enormous foundation disaster had o-urred by slope failure. It is neessary to geta sent of slope failure before it ourred to re-due the mudow damage. It was diÆult to de-tet slope failure in remote region of the ountry;for the reason, wide area monitoring tehniqueby satellite images is expeted. ALOS satellitemounted PRISM sensor that has three lines san-ner(Forward, Nadir, Bakward) with 2.5 metersground resolution and it an be observed at thesame time from same orbit. In general known,stereo image an be generated 3D data(DSM: Dig-ital Surfae model). Therefore, it is possible togenerate DSM by PRISM data and to extrat

slope displaement using multi temporal DSM data.The goal of this researh is generating aurateDSM data and deteting slope failure in usingtemporal DSM.Following are researh items to ahieve the goal.� Establishment of Ground ontrol point(GCP)database using VRS measurement� Establishment of geometri model for PRISM� Generate DSM data for wide area from PRISM� Auray evaluation of PRISMGs DSM data� Establishment of hange detetion methodusing multi temporal DSM datait would be developed to detet mass move-ment



� Validate the hange detetion3D measurement of PRISM data will have a po-tential to detet slope failure with the sale of25m2 in spatial distribution. In this paper, a sys-tem of DSM generation and auray of DSM willbe evaluated.2 METHODOLOGYTo make DSM Data, Geometri TransformationModel between image oordinate and ground o-ordinate must be deided. Usually, RPC modelwas used for 3D measurement[1℄[2℄. But to gethigh auray, geometri orretion by GCP datais needed[3℄%On the other hand, 3D perspetiveprojetion an be applied for geometri transformmodel. At least 11 GCPs are required to estab-lish this model. Therefore, it is neessary to es-tablish GCP data set in the test �eld. GCPs wereobserved using GPS-VRS observation. Over 30points GCPs should be prepared in eah test �eld.Next orrespondene points between Nadir andBakward image are requested for stereo math-ing.At last 3D measurements was ahieved by ob-tained orrespondene points substituted for trans-formation model. The least square method wasapplied for alulating 3D oordinates in this study.Generated DSM was evaluated using validationpoints.3 USING DATAS3.1 PRISM image dataTest �eld was seleted aroundHCHOJAIin SHIKOKUIsland, JAPAN. Figure3.1 depit geologial mapin Shikoku. Red area and yellow area showed a

dangerous geologial region of landslide beauseof frature by geologial tetoni line.

Figure 3.1 Test AreaIn this study, Nadir and Bakward images wereused. Forward image taken a piture from theNorth and image proessing was diÆult beauseof Sunlight reetion. Therefore, Forward imagedoesn't use in this study. Figure3.2 shows PRISMimages of Nadir and Bakward. Table 3.1 showedmeta data of PRISM image.
Figure 3.2 PRISM Images(Nadir, Bakward)3.2 DEM DataWhen 3D measurement, digital elevation model of50 mesh data in SHIKOKU Island was used to getinitial ondition for stereo mathing in this study.



Table 3.1 meta data of PRISM imagesitem speProess level level 1B2Area CHOJA in KOCHIWidth 35km * 35kmDate April in 2007Ground resolution 2.5m3.3 Ground Control PointsFigure 3.3 showed distribution of GCP and valida-tion points. 45 points were observed using GPS-VRS observation. GPS-VRS observation an mea-sure very aurately with a few entimeter. GCPswere observed at intersetions of road and the en-ter of bridges.

Figure 3.3 Loation of GPS VRS ObservationIn this study, 24 points were used as GCP and21 points were used as validation points. Ob-served GCPs on satellite image were seleted byvisual interpretation. An auray of visual inter-pretation showed within 1 pixel.

4 ACCURACYVERIFICATIONOF TRANSFORM MODELIn this study 3D perspetive projetion was se-leted for geometri transform model. This equa-tion is based on area sensor geometry. Groundoordinate(x,y,z) an be transformed to image ofPRISM oordinate(u,v).a1; a2; � � � ; a11 are unknown parameters%8>><>>:u = a1x+ a2y + a3z + a4a9x+ a10y + a11z + 1v = a5x+ a6y + a7z + a8a9x+ a10y + a11z + 1 (4.1)Beause of PRISM is line sensor, 3D perspetiveprojetion does not presented aurate model. How-ever, using 3D perspetive projetion will makesatisfatory result for geometri orretion of highresolution satellite images. Unknown oeÆientswere alulated from 24 GCPs data by least squaremethod.Error was de�ned in terms of di�erene betweenimage oordinates obtained by the alulation andimage oordinates visually interpretation from satel-lite image. Table 4.1 showed residual error aroundvalidation points.Table 4.1 Residual Error of 3D Projetion Modelaround Validation Point (Unit: Meter)Image Column RowNadir 2.043 1.886Bakward 1.683 1.912Auray showed within 2.5m around valida-tion point. This numeri number was proper forabout 1 pixel in PRISM image.



5 IMAGE MATCHINGAutomated extration of orrespondene point fromthe stereo images by the image mathing mustbe established. Least squares mathing is power-ful method for image mathing. However, initialoordinates must be given. Then, determinationmethod of initial oordinates must be developed.To aquire an initial ondition of the least squaresmathing, PRISM images were onverted into groundoordinates by geometri model. This image isalled ortho image(Figure 5.1). To generate orthoimage, DEM of 50 mesh data in SHIKOKU Islandwas used. When Nadir and Bakward images wereonverted into the same oordinate system, it anbe expeted to image mathing beomes easy.

Figure 5.1 Ortho image Nadir and BakwardSame oordinates of two ortho images trans-form original image oordinate by transform modeland this value is used as initial ondition of leastsquares mathing. Then orrespondene pointsbetween original Nadir image and Bakward im-age were extrated. Beause of satellite imagesize, it takes muh time to make DSM data inwhole area. Therefore in this study, image math-ing was arried out range of 1500m * 1500m (300pixel* 300pixel).

6 3D MEASUREMENTWhen the olumn(u) and row(v) of the orrespon-dene point in stereo pair image are input, un-known values are ground oordinates (X, Y, Z).The number of equations is two in eah image.Then the total number of equations beome fourin the ase of stereo imagery. Therefore, threeunknown values (X, Y, Z) an be solved by leastsquare method.

Figure 6.1 Geometri model7 ACCURACY EVALUATIONOF 3D MEAUREMENT82,000 of orrespondene points was obtained among90,000 points as a result of the image mathing,and 3D oordinates were alulated. Calulated3D oordinate was onverted digital surfae model(Figure7.1). 3D data ompared with GPS data of vali-dation point for auray evaluation. Error wasde�ned in terms of di�erene between Z valuesof validation point and alulated one. Table 4.1showed residual error around validation points inZ value. Maximum error showed 3.5 m and RMSEshowed 2.4 m auray that was very small rangeof error. Figure 7.2 and 7.3 showed loation ofvalidation points on Nadir image of PRISM.



Figure 7.1 Bird's Eye View of Generated Digital Sur-fae ModelTable 7.1 Residual Error of 3D Measurement (Unit:Meter)Point No. Z(GPS) Z(PRISM) Error1 297.956 299.493 -1.5362 291.025 291.398 -0.3733 290.097 287.595 2.5024 327.953 324.479 3.4745 325.426 323.690 1.7366 312.236 309.774 2.4627 306.098 307.069 -0.9718 309.322 312.575 -3.2539 309.049 311.938 -2.88910 315.088 311.910 3.17811 319.438 317.350 2.08812 324.520 322.466 2.05413 289.559 291.716 -2.15714 317.969 315.710 2.259RMSE 2.364When satellite image ompared with 3D data,there were some noises in plae of low ontrastarea suh as forest or at area. As for suh a area,the possibility of the mathing error will be high.Therefore auray of validation points thanks inpart to advantaged plae of high ontrast area.

Figure 7.2 Loation of Validation Point(VP) onNadir Image of PRISM

Figure 7.3 Loation of VP on shaded relief map byDSM data8 DISCUSSION AND CONCLU-SIONSIn this study the auray of 3D measurementan get within 2.5m was predited. This aurayis almost PRISM Gs ground resolution auray.However, the following problems were remaining.Image mathing takes too muh time. So it is ne-
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