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ABSTRACT

EEL G R o) JEEHTEEY Large maritime structures increasingly require dense, geometrically
Received: 30 April 2026 reliable 3D documentation for dimensional control, maintenance planning, reverse engineering, and
Reviewed: 07 June 2026 digital-twin workflows. Close-range photogrammetry is attractive for such tasks because it can generate
Revised: 16 August 2026 dense 3D products from ordinary cameras with lower equipment cost and greater operational flexibility

than many conventional dense-capture techniques. Nevertheless, the practical performance of
photogrammetric processing software is not necessarily identical, especially when the object is very large
and contains reflective metal, low-texture painted surfaces, sharp structural edges, and curved hull
geometry. The objective of this study was to compare three widely used commercial photogrammetric
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KEYWORDS: software packages—Metashape, Pix4DMapper, and ContextCapture—under one industrial-scale case
Close-range Photogrammetry study and to determine how their outputs differ in geometric accuracy, local surface agreement,
3D Modeling reconstruction completeness, processing time, self-calibration behavior, and practical usability.
Ship hull m Images were acquired with a non-metric iPhone smartphone camera using automatic focus
Metashape and exposure. After five low-quality images were excluded from an initial set of 455 photographs, 450
Pix4DMapper images were retained for processing, including 288 approximately parallel images and 162 convergent
images. Fifty-two reference targets were distributed over the visible side of the vessel and measured by
ContextCapture

industrial surveying with a Leica TSO9PLUS total station. Thirty targets were used as control points and 22
targets were reserved as independent check points. The same image set and reference coordinates were
processed in Metashape, Pix4DMapper, and ContextCapture. Evaluation included the root mean square

iCorresponding author error of control and check points in the three coordinate components and in three dimensions, visual and
£ parmehr@nit.ac.ir numerical assessment of point-cloud completeness, cloud-to-cloud distance analysis in three
@ (+9811) 35501580 representative zones with edged, planar, and curved geometry, processing time for alignment and dense

reconstruction, interpretation of self-calibration outputs, and an observational usability assessment.
The independent check-point results showed the largest separation among the software
packages. The 3D RMSE was about 5 mm for Metashape, 40 mm for ContextCapture, and 45 mm for
Pix4DMapper. The component-wise errors of ContextCapture and Pix4DMapper were concentrated
mainly in the horizontal components, while the vertical component was much smaller. In the local cloud
comparison, ContextCapture showed consistently smaller distances from the Metashape reference cloud
than Pix4DMapper. For the edged, planar, and curved zones, the root mean square cloud-to-cloud
distances were 22, 24, and 20 mm for ContextCapture and 33, 41, and 37 mm for Pix4DMapper,
respectively. The planar zone produced the largest separation between the two compared point clouds.
Visual inspection also indicated a denser and more complete reconstruction by ContextCapture in several
geometrically difficult regions, whereas Pix4DMapper exhibited missing or less complete point-cloud
coverage in some areas. Under the reported test configuration, total processing times were 45 min for
Metashape, 67 min for ContextCapture, and 86 min for Pix4DMapper. The software packages also
differed in workflow complexity and the level of user control over processing parameters.
The results demonstrate that software choice can materially affect the geometric and
operational outcome of close-range photogrammetric modeling of a large ship hull even when the input
imagery and reference information are held constant. In this data set, Metashape produced the lowest
independent check-point error and the shortest recorded processing time, while ContextCapture
produced the closest local agreement with the Metashape reference point cloud and favorable surface
completeness. Pix4DMapper offered a comparatively simple workflow but produced larger independent
check-point errors and larger local cloud distances in the evaluated zones.
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Tablel: Image processing results at alignment stage

4. | Imaging network

=S 3816 CusBge 9y [ Without camera center positions

=S¢ 51,0 CusxBse b 1 With camera center positions

&S pnSe s3lse 1 parallel / Convergent Parallel and &ls | parallel Convergent Parallel and
‘)m | convergent |J§w/ 5s5lee | convergent
|50 5 55l5e Sen
Metashape x v v x v v
ContextCapture v v v v v v
Pix4dDMapper x X X X v v
sl a5 Sz 5 58 bles 5 aslie ¥ Sy
Table 2: Control- and check-point accuracy for the three software packages
,58ls 5 / Software akis £45/ Point type RMSE X (mm) RMSE Y (mm) RMSE Z (mm) RMSE 3D (mm)
Metashape Jyus 1 Control 2 1 1 3
Metashape <S>/ Check 3 3 2 5
ContextCapture Jyus 1 Control 26 35 4 44
ContextCapture >/ Check 24 31 4 40
Pix4DMapper Jy=s 1 Control 25 24 2 35
Pix4DMapper K>/ Check 29 34 4 45
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Table 3: Cloud-to-cloud distances in the three geometric zones
09,/ Zone Jb3leys / Software Mean (m) STD (m) RMSE (m)
A: s« Edged Pix4DMapper 0.027 0.019 0.033
A: JsaJ/ Edged ContextCapture 0.018 0.012 0.022
B: Glo/ Planar Pix4DMapper 0.034 0.023 0.041
B: 4l»/ Planar ContextCapture 0.019 0.015 0.024
C: s>/ Curved Pix4DMapper 0.031 0.021 0.037
C: o=/ Curved ContextCapture 0.016 0.012 0.020
o33! Ll 5o Lol Jle (i3l e F Joar
Table 4: Processing time of the main stages under the test configuration
al> . | Stage Metashape Pix4DMapper ContextCapture
4.>¢5 | Alignment 10 28 22
51,0 alais ol / Dense cloud 35 58 45
Js'/ Total 45 86 67
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