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                                        DESCRIPTION

                    The research explains how to convert the images acquired through the UAV to a product like DSM using different algorithm ranging from the classical photogrammetry to modern computer vision.
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BACKGROUND
 DIGITAL SURFACE MODEL Raster model representing the elevation of
 earth surface with natural and artificial objects on it
 UAV PHOTOGRAMMETRY A low cost photogrammetric platform Remotely or (semi) autonomously
 controlled without human pilot Low flying height-Able to capture high
 resolution datasets Less stable platform –Reduced Image
 Quality04/07/20232
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PROBLEM STATEMENT National Topographical Database has larger contour intervals:
 20m for plane region and 40m for mountainous region Use of remote sensing images / aerial photographs Global DEM Sources(ASTER, and SRTM):
 Lacks verification in many placesLower spatial resolution, NO GOOD RESULTS !!!
 UAV photogrammetry- Growing as a promising method for conducting low cost aerial survey In area with smaller spatial extent Undulating topography with inaccessible locations Existing software packages applied for photogrammetric data
 processing are rarely setup to support UAV Images04/07/20233
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OBJECTIVES
 To create a high resolution DSM using images acquired by a digital camera mounted in a UAV platform.
 Sub-Objectives To orient and georeference UAV images using interior and
 exterior orientation parameters.
 To generate Digital Surface Model.
 To compare and analyze the accuracy of DSM generated from different methods.
 04/07/20234
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Image Acquisition at the Project site: A sand mine at Tielt-Winge, Belgium
 Trimble UX5 Imaging Rover with Sony Nex-5R Digital
 Camera
 Total area covered by the sand mine :0.0395 sq.km. Average terrain height: 134.1718 m 5 04/07/2023
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METHODOLOGIES
 04/07/20236
 DSM From UAV Images… HOW???
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Data Collection
 Number of images= 27 Average GSD=2.4 cm Average Flying Height=75 m Number of longitudinal strips=4 Type of terrain: Open field Average overlap:
 Along Track:60-80% Across Track:50-70%
 Control points / Check points: Available
 Accuracy of GCP: X,Y =2 cm and Z=3 cm
 Accuracy of GPS/INS=10m04/07/20237
 Camera Calibration parameters Focal Length of
 camera=15.517 mm Pixel Size=4.75 micron in
 X,Y direction Radial Distortion
 K1=-0.00020291 K2=0.000000681845 K3=-0.000000000864898
 Tangential Distortions T1=-0.0000296516 T2=0.000050424
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DATA PREPARATION
 Conistency in the data is a primary factor for further data processing Acquired Datasets for this project had different datum for Z-
 Coordinate Conversion of elevation (changing the reference for Z from MSL to
 ellipsoidal) was done using GeoidEval
 04/07/20238Fig: Place marks over Google Earth Image of the Project Site
 Place marks (PM) Latitude Longitude
 Elevation Difference
 PM1 50.8863 4.909192 45.6835PM2 50.8864 4.909813 45.6833PM3 50.8858 4.90965 45.6844PM4 50.8861 4.910481 45.6841PM5 50.8866 4.910222 45.683PM6 50.887 4.910048 45.6822PM7 50.8869 4.90927 45.6824PM8 50.8866 4.908502 45.6828PM9 50.8862 4.908603 45.6836PM10 50.8856 4.90877 45.6848
 Mean Difference 45.68341
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Distribution of Control Points and Check Points around the Porject Site
 04/07/20239
 Spatial Reference Details
 Projected Coordinate System:WGS84 UTM31N
 Vertical Datum :Mean Sea Level(MSL)
 GCPCheck Point for GeoreferencingCheck Point for DSM
 LEGEND
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PHOTOGRAMMETRIC DATA PROCESSING
 04/07/202310
 Fig: Classical Photogrammetric Workflow for Data Processing
 Fig: Photogrammetric Data Processing using Computer Vision
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GEOREFERENCING
 04/07/202311
 Georeferencing using Classical Photogrammetry
 Interior Orientation using camera calibration parameters
 Tie point generation using Forester Interest Operator
 Image matching using Digital Image Matching technique
 Ground coordinates were calculated for individual tie points through Aerial Triangulation
 Adjustment of the entire Image Block using Bundle Block Adjustment
 Georeferencing using Computer Vision Extract thousands of Key points
 in individual images using SIFT Algorithm
 Image by Image Matching using Euclidean distance of corresponding descriptor vectors
 Automatic Aerial Triangulation helps to calculate the ground coordinates generating sparse point clouds
 Automatic BBA on thus formed sparse point cloud accurately estimates all image parameters
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DSM GENERATION
 Using Classical Photogrammetry
 DSM Generation in LPS is an automatic process consisting of following steps:
 Image Matching using digital image matching
 Second step is the generation of dense 3D point clouds
 Dense point clouds are then interpolated to form output DSM
 04/07/202312
 Using Computer Vision
 Sparse point clouds generated earlier are used in image orientation only.
 A dense stereo matching algorithm is used to generate dense point clouds.
 Filtering of point clouds can be done to enhance the accuracy.
 Point clouds are then interpolated to form a triangulated irregular network
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Accuracy Assessment of DSM
 Three different approach have been adopted for accuracy assessment of DSM generated from individual methods.
 RMSE Calculation A Statistical Approach
 Visual interpretation and Analysis: Comparison of visual appearance of output at different
 terrain locations Difference of DSM:
 Algebric difference between the raster value at every pixels
 04/07/202313
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RESULTS AND DISCUSSIONS
 04/07/202314
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Software Number of tie points
 PIX4D 321527
 AgiSoft PhotoScan 76682Fig: Tie Points connecting same areas on overlapping portion of two images during image matching
 Table: Tie point generation using Forstner interest operator in Classical photogrammetry
 Table: Tie point generation using SIFT operator in Computer Vision
 Parameters Matching Success
 Total Number of Tie Points
 Initial Accuracy = 5%Correlation Coefficient = 0.90Window search size = 10Point per Image = 50 
 32.69 % 
 234
 Initial Accuracy = 25%Correlation Coefficient = 0.80Window search size = 15Point per Image = 200
 86.35 % 
 1128
 Tie Points Generation and Image Matching
 04/07/202315
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Software LPS AgiSoft PhotoScan
 PIX4D
 Accuracy of BBA(pixel)
 1.5817 0.672 0.335
 Following parameters were adjusted during this phase:
 Position and orientation of each image as they existed at the time of photography.
 Ground coordinates of every tie points measured on the overlap areas of multiple images.
 Errors associated with the GCPs ,check points and all other image parameters
 Sparse point cloud generated using computer vision algorithms helps in the accurate estimation of image parameters thus increasing the accuracy of BBA
 Bundle Block Adjustment
 04/07/202316
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Results from LPS
 Results from AgiSoft
 Results from PIX4D
 Point No Error in X(cm)
 Error in Y(cm)
 Error in Z(cm) Type
 2008 1.94 -7.69 0.85 Check Points2005 -11.91 9.03 4.81 Check Points2012 27.38 9.47 6.02 Check Points
 RMSE17.27 8.76 4.47  
 Point No Error in X(cm)
 Error in Y(cm)
 Error in Z(cm) Type
 2008 3.63 -2.02 -6.03 Check Points2005 0.44 -0.27 -0.93 Check Points2012 -0.58 0.46 5.80 Check Points
 RMSE 2.13 1.21 4.86  
 Point No Error in X(cm)
 Error in Y(cm)
 Error in Z(cm) Type
 2008 -2.23 1.72 0.81 Check Points2005 -0.85 -2.21 -2.95 Check Points2012 0.42 -3.24 4.17 Check Points
 RMSE 1.4 2.47 2.98  
 Independent check of Georeferencing
 04/07/202317
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Imes
 DSM FROM LPS DSM FROM AgiSoft
 DSM FROM PIX4D
 Classical approach Computer Vision technique
 DSM GENERATION
 04/07/202318
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RMSE Computation
 nZZ
 RMSEn
 i iDSMiCP
 12
 ,, )(
 where ZCP is elevation of check points and ZDSM is the elevation of same points from output DSM
 A statistical approach to compute the accuracy
 Point No
 Elevation (m) Elevation Difference (cm)
 Original (O)
 DSM LPS (a)
 DSM AP (b)
 DSM PIX4D
 (c) O-a
 O-b
 O-c
 2003 136.173 136.278 136.116 136.201 -10.54 5.66 -2.84 2004 128.362 128.392 128.422 128.375 -3.04 -6.04 -1.34 2006 132.402 132.262 132.381 132.382 13.960 2.06 1.96 2007 127.585 127.649 127.653 127.571 -6.44 -6.84 1.36 2010 131.953 132.052 131.941 131.962 -9.94- 1.16 -0.94
 RMSE(cm) 9.546 4.917 1.813 Mean= 8.783
 Mean= 4.348
 Mean= 1.688
 Accuracy Assessment of DSM
 04/07/202319
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Software
  AgiSoft Photo-scan
   PIX4D
   
 LPS
  AgiSoft Photo-scan
   PIX4D
 Actual Image Tie Points DSM
   
 LPS
 Surface 1: Areas covered by trees and similar textured Roads
 Surface 2: Heterogeneous area with different objects and terrain structure
 Classical Photogrammetric image matching algorithms fails for areas with homogenous and repetitive pattern. Large spikes on output DSM from LPS illustrates this statement
 For mixed topography, all the algorithms works fine
 PIX4D provides the best result in all cases.
 Poor results at area covered with trees and vegetation
 Visual Interpretation and Analysis
 04/07/202320
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LPS-PIX4D LPS-AgiSoft PIX4D-Agisoft
 Difference in DSM from LPS to other software has a large value
 Computer Vision provides better results as PIX4D-Agisoft has vey low difference
 Large differences in cases of areas covered with trees and vegetation
 DIFFERENCE OF DSM
 04/07/202321
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Dependency on data provided by external source led to data insufficiency and data inconsistency
 Editing of point cloud couldn’t be done because of lack of sophisticated hardware
 Use of commercial software packages allowed limited changes in the input parameters
 No further techniques (eg: use of geometrical properties of objects) have been used to enhance the output DSM quality
 LIMITATIONS
 04/07/202324
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UAVs are viable platform for generating high resolution photogrammetric products like DSM
 Post processing of UAV images is better supported by algorithms from Computer Vision
 SIFT Algorithm from Computer Vision allows extraction of tie points in thousands of number and help in accurate image orientation
 Dense Stereo Matching helps in accurate image Matching and thus producing dense point cloud However they are computationally expensive.
 CONCLUSION
 04/07/202325
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Prepare highly sophisticated work station: Computers with RAM>16 gb, Graphics>4 gb and Hard disk>1 TB for processing large number of UAV images through modern Algorithms
 Make use of well distributed and accurately measured check points for assessing the accuracy of photogrammetric products
 Open source tools especially developed for UAV image processing can be explored.
 Better image matching algorithms for areas with dense trees and vegetation can be further explored.
 Object oriented image analysis techniques can be explored for increasing the accuracy of final DSM.
 RECOMMENDATIONS
 04/07/202326
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QUERIES AND SUGGESTIONS
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04/07/2023 27
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Particulars
 Aerial Photogrammetry UAV Photogrammetry
 Data Acquisition Manual/Assisted Assisted/Manual/ AutomaticAerial Vehicle Highly stable specially
 designed aircraftsSmall aerial Vehicles with certain payload capacity
 GPS/INS Configurations cm-dm level accuracy cm-10 m
 Image Resolution cm-m mm-mGround Coverage Km2 m2-km2
 Cameras Well calibrated cameras especially designed for photogrammetric applications
 Can work with normal digital cameras
 Fudicial Marks Present AbsentFlying Height 100 m-10 km m-km
 (not more than 1 km)Data Processing Workflows Standard Photogrammetric
 WorkflowNo standard workflows
 Salient Feature Better control over the output image quality
 High temporal accuracy with real time applications
 Com
 parison between A
 erial and UAV
 Photogramm
 etry
 28
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Computer vision Studies how to process, analyze, interpret and understand the
 images with the aid of geometry, physics, statistics, and learning theory.
 Produces 3D models from image data.
 The approach that the computer vision follows differs with the photogrammetric approach in terms of algorithms and processes involved
 Feature extraction in computer vision are usually called region operators. Region here refers to any subset of the image (usually a set
 of pixels), who’s boundaries do not have to correspond to changes in image color or texture.
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Tie point generation using Forstner Interest Operator
 Known as interest operators or point/edge detectors in classical photogrammetry
 The algorithm identifies interest points, edges and regions using the autocorrelation function A
 The derivatives of A are computed and summed over a Gaussian window.
 Error ellipses are computed and based on the size and shape properties of each ellipse, the interest points found are classified as points, edges or regions.
 According to the shape(0-1) and size(s>0) of the ellipses thus obtained (making use of Eigen values ), following classification is made Small circular ellipses - Point Elongated error ellipses -Straight edge Large ellipses –A Homogeneous area
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Collinearity Equation
 The Collinearity condition specifies that
 Exposure station, ground point, and its corresponding image point location must all lie along a straight line, thereby being collinear.
 Two equations comprise the Collinearity condition:
 Bundle block adjustment uses the COLLINEARITY CONDITION as the basis for formulating the relationship between image space and ground space.
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2 images with 3 GCPs whose X, Y, and Z coordinates are known For each measured GCP,
 There are 2 corresponding image coordinates (x and y). 2 Collinearity equations can be formulated to represent the
 relationship between the ground point and the corresponding image measurement
 They become observation equations for BBA For 3 GCPs No of Eqn =12(If 1 GCP lies on one image) No of tie on the overlap areas =6
 24 equations can be formulated (four for each tie point). A total of 36 observation equations. Total Unknown=30
 12 exterior orientation parameters [6 for the left image ,6 for the right image ] +
 18 unknowns (six tie points times three X, Y, Z coordinates) + The total number of unknowns is 30.
 Overall quality of a bundle block adjustment is largely a function of the quality Redundancy in the input data/referred to as the degrees of freedom in a solution.
 Concepts associated with bundle block adjustment with following case
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SIFT ALGORITHM
 Four major components of SIFT:
 Scale-space construction
 [L(x, y, σ) = G(x, y, σ)*I(x, y)]
 Determination of key points:
 Filtering of key points:
 Determine orientation of each key points
 Generate SIFT Feature
 The key points extracted this way are unique in nature [scale and rotation invariant ] and they hold their own signature.
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DIGITAL IMAGE MATCHING
 Identifying image points that are located over the same feature on the overlapping images.
 Algorithm then looks for the appropriate match of a point in the corresponding conjugate image pair
 A correlation window is defined and cross correlation coefficient is calculated for each correlation window.
 Among the search window the cross correlation coefficient is calculated for every possible match point in the other image and compared.
 The value of the cross correlation varies from 0 to 1. A matching point with 0 cross correlation
 means no match at all while a value of 1 is considered to be the
 perfect match.
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IMAGE MATCHING BASED ON EUCLIDEAN DISTANCE
 Matching process for Sparse cloud generation is based upon the Euclidean distance of their descriptor vectors. For two images I1 and I2 with descriptor D1 in image 1 and
 D2 in image 2 Algorithms computes the Euclidean distance (E.D1)
 between these two descriptors.
 Likewise the distance from D1 to all other descriptor (E.DN , N=2, 3, 4…N) is also computed.
 If E.D1 *Threshold Value<Distance E.DN, then descriptor D1 is matched to the descriptor D2.
 Some mismatches can also be found because of the threshold value used .This can be detected and removed by using a norm estimator.

Page 36
						

DENSE STEREO MATCHING
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Contd…
 1. Triangulation on the image pairs separately. 2. Classify into matched and unmatched triangle according to criterion3. Solve disparity values:
 a. Matched triangles: disparity dx=(x2-x1) b. Unmatched triangle: classify into occluded triangle, semi-occluded triangle, and non-
 occluded triangle.a. Non-occluded triangle: 6-parameter affine transformationb. Semi-occluded triangle: divide into three triangles by joining the point inside that triangle
 which has highest gray level change with the vertices of triangle. Further divide smaller triangles into occluded and non-occluded triangle according to criteria.
 c. Occluded triangle: assuming that disparity in occluded triangle should be nearly equal to the neighboring non-occluded triangle, values from that non-occluded triangle are assigned.
 4. Final dense disparity map: median filtering used to create disparity map of individual triangles and later all maps are integrated to create final dense disparity map
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Image Matching at areas covered with vegetation
 Low altitude flying leads to perspective distortions
  Trees and dense vegetation, due to their complex geometry (thousands of branches and leaves), have often very different appearance between overlapping images.
 It is more difficult to find enough similarities between overlapping images
 Among the software used:PIX4D allows optimization in image matching by
 3D point editing through ray cloud editor
 Customization of parameters: Use multiscale option [changing the image scale option ]
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Image scale Scale of the image on which additional 3D points are
 computed. 1/2 (half image size, default): Half size images are used
 1 (original image size, slow): The original image size is used to compute additional 3D points. More points are computed than with half image scale,
 especially in areas where features can be easily matched (e.g. cities, rocks, etc.).
 1/4 (quarter image size, fast): Quarter size images are used to compute additional 3D points. Less points are computed than with the half image scale.
 More, more points are computed in areas with features that cannot easily be matched such as vegetation areas. This scale is recommended for projects with vegetation.

Page 40
						

1/8 (eighth image size):
 Eighth size images are used to compute additional 3D points.
 More points are computed in areas with features that cannot easily be matched such as vegetation areas.
 This scale provides better results for projects with vegetation.
 Multiscale Mixed Scale according to the features around the
 project area
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FACTORS AFFECTING THE QUALITY OF OUTPUT DSM
 Input image quality Image matching results Accuracy of georeferencing
 Friday, April 7, 2023 41
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Digital Cameras This type of camera can be used for aerial and ground-based (terrestrial)
 mapping applications.
 Focal length for a digital camera may range in size from 10 mm to 50
 mm or greater.
 Rather than using film to record an image, digital cameras make use of a
 CCD.
 A CCD contains an array of cells which record the intensity associated
 with a ground feature or object.
 The x and y pixel size of the CCD array must be defined.
 Digital cameras are considered nonmetric, non calibrated cameras
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