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Abstract

Structure-from-Motion (SfM) Photogrammetry-based unmanned aerial vehicles
(UAYV) are considered one of the most effective non-destructive techniques to detect
features in archaeology. However, relying on only standalone-based
photogrammetric approaches is not always valid in revealing new archaeological
features and monuments. This study aims to verify the efficiency of the integration-
based methodologies of SfM photogrammetry products to improve the detection of
new archaeological features in the non-excavated regions of the archaeological site
of Ur, south of Irag. The methodology proposes an automatic workflow to extract 3D
topographic models such as Digital Terrain Model (DTM) by Agisoft Metashape
(MS) software and orthomosaic images as standard products for UAV-
photogrammetry. These have delivered the following Structure-from-Motion and
Multi-View Stereo (SfM-MVS) algorithms using an optimized flight planning, data
capturing, and data processing pipeline. Stand-alone raster images derived from
photogrammetry, such as (slope images, hill shade rasters, etc.), have limitations in
archaeology compared to hybrid raster images in detecting covered and unrevealed
features. The methodology focuses on fusing multiple rasters extracted from DTM
using the QGIS software package analysis tools to detect features that may never be
detected from single standalone image rasters. This is because combining multiple
rasters of different parameters may highlight new potential features such as paths,
temples, etc. The results findings revealed that the fusion methodology of raster
images obtained from UAV-SfM Photogrammetry through its standard products and
using high precision settings could successfully help to identify many new
archaeological features in the undiscovered site in Ur, such as walls and houses,
which may date back to the late periods of Ur. The results concluded that this
enhances the role of photogrammetry and remote sensing techniques as non-
destructive excavation tools to provide a rich database for archaeologists for further
analysis and interpretation of undiscovered archaeological sites without destruction.
Many new archaeological features were also revealed, and a general digital map of
the site was prepared. It also prompts a review of the settlement theories in previous
studies in the ancient city of UR and the documentation of excavated archaeological
ruins.
Keywords: Remote sensing; UAV-Photogrammetry; Integration approaches; Raster
images; Visual analysis, archaeological features.
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1. Introduction

Recent developments in geophysics and Remote Sensing (RS) techniques (such as
photogrammetry, Ground Penetrating Radar (GPR), and laser scanning) have had a significant
influence on scientific understanding and knowledge of archaeological sites [1], [2]. The
actual added value of UAV-based photogrammetry is to reduce flight altitudes to a minimum
if compared to other platforms, in addition to using Computer Vision (CV) techniques like the
Structure- from-Motion algorithm and the Stereo Multi-View (SfM-MVS) to rely on
automatic processing [3] entirely. Dense point clouds may be produced using
photogrammetry, which is particularly useful for making highly accurate 3D models [3].
Visual image analysis of photogrammetric products such as DTMs is a powerful tool to
examine, analyze, and detect archaeological features [4].

Visualization products such as (hillshade, slopes, aspects, etc.) can be computed from 3D

topographical models, which still form the foundation of commonness archaeological
investigations of photogrammetric data [5]. [6] revealed that profile curvature maps with hill-
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shading can successfully increase topographic details through cartography as it may detect
variations in slope gradients of as small as 0.5°. These findings have been delivered based on
a UAV-SfM photogrammetric dataset collected in southwestern Montana in the Tobacco Root
Mountains. After that, [7] used hillside overlay methods to interpret Digital Elevation Model
(DEM) and revealed previously undiscovered monuments as the remains of a moat and
fortification in 1755 densely forested regions in Canada. Later, [8] considered openness an
ideal tool for mapping and identifying monuments by airborne Lidar-derived DTM in two
different archaeological sites in Austria and Stockholm. Openness is not subject to directional
bias, in contrast to other shading techniques, and the relief characteristics underscore that the
results are not skewed horizontally. On the other hand, [5] worked on improving visualization
outcomes by Combining various relief visualization products based on a variety of methods
(E.g., gloss, dodge, overlay, and multiply) on different sites (Campeche, Mexico, Netherlands,
Slovenia) using lidar data. So, allowing the presentation of many topographical elements in a
single (improved) image can make tiny topographical elements more visible and easier to see
and recognize using a criterion of good visualization.

Later, in Beaufort County in South Carolina, [9] a mound and a fresh shell ring were
discovered by applying properties of slope and aspect images. However, a shade-free relief
Red Relief Image Map (RRIM) map was recommended. As for the most powerful visual
analysis to use, [4] conducted research to determine the effectiveness of several visual
analytic approaches developed from the SfM-MVS methodologies in identifying
archaeological features in the ancient Babylon City, the center of the ancient Babylonian
culture in Irag. They found that integrated datasets SSD (by merging the Digital Surface
Model (DSM), Differential openness, and Sky View Factor (SVF) raster) and RRIM can
significantly improve discovery at the archaeological site, corroborating the initial findings of
the independent approaches. [10], [11] following this, UAV-photogrammetry was used as a
primary tool in this research to draw attention to automatic technique and its contribution to
archaeology through utilizing digital advancements of SfM-MVS photogrammetry products
as a standalone or integrated product to improve archaeological discoveries worldwide and
particularly in non-excavated sites in Irag.

2. Materials and Methods

The SfM-MVS algorithms allow 3D scenes to be reproduced from images through three
main phases: point capture and recovery, surface reconstruction, and texture mapping. The
results may be exported as 3D models, dense or sparse point clouds, and orthomosaic by (MS)
software for post-processing to reveal potential archaeological features and artifacts [12],
[13]. Therefore, this section illustrated the methods implemented to bring results to the target
accuracy, starting from good planning and preparation of data acquisition, data collection, and
processing, strict procedures followed to deliver the base data DTM to be analyzed, new
rasters produced for potential archaeological detection following careful selection of image
parameters. The section introduced a brief introduction about the study site and materials
utilized.

2.1. The Study Area

Archaeologists recognized that the cradle of civilization originated from southern
Mesopotamia, particularly Ur, the capital of the most famous governing Sumerian dynasties,
and was established in the fourth millennium B.C. (or maybe before)[14]. Ur dominated the
other Sumerian city-states, such as Larsa, Isin, and Eshnunna, and extended to upper
Mesopotamia far north through dynasties three (Ur I, Ur I, Ur I11) [15] www.ur-online.org.
Ur (or "Tell el-Mugayyar™) is in the southern Iragi province of Thi Qar. It is situated around
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15 km west of Nasiriyah city (30° 57°46" Latitude, 46° 6"15" Longitude), while the Imam Ali
Air Base surrounds the Ur city in the shape of a crescent starting from the southeast to the
southwest of the site. At the same time, the other side is surrounded by farmland and separate
homes for some farmers. Ur was identified in 1854, but the regular scientific excavations
started with a joint expedition led by Sir Leonard Woolley of Pennsylvania University and the
British Museum in early 1922[14], Figure (1).

Figure 1: The ancient Ur in southern Iraq is shown in a UAV image on the right and the
map of Iraq on the left.

2.2. Data Acquisition

The most challenging aspect of field operations is image capturing [16] because it requires
preparing and monitoring many parameters that may significantly affect the accuracy and
quality of the results. Consider lighting factors (sun's angle during image capturing),
appropriate weather conditions, and establishing a network from the Ground Control Points
(GCPs). In this study, fieldwork begins with the distribution of 12 GCPs over the site area
(~430 ha). Figure (2) as the break-even points of the distribution of Von Gruber [17], [18].
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Figure 2: GCP distribution at the study site.

Real-time kinematic positioning (RTK) mode was employed with the Global
Navigation Satellite System (GNSS) receiver (Topcon GR-3) to observe the 3D coordinates
of these objects at the location, Figure (3). With the EGMO08 geoid model, the height is
represented as Mean Sea Level (MSL), and the horizontal coordinates system is UTM Zone
38N (World Geodetic System 1984, WGS84).

Figure 3: Observations methods static and (RTK) by GNSS receiver.

The static observation method was employed to measure a local reference station by
Differential Global Positioning System (DGPS) for more than 2 hrs. The spatial resolution of
the local reference station after post-processing was (Station Longitude (East) (0.012 m),
Latitude (North) (0.009 m), Ellipsoidal Height (Up) (0.036m). The more comprehensive and
detailed the flight planning, the more effective it is to obtain data of the highest quality and
accuracy, allowing photogrammetric solutions to reconstruct 3D models [19] fully
automatically.

In this study, a flight plan was developed using the Pix4D capture application, Figure (4),
to ensure complete site coverage. The flight was planned using the dual grid method
following computed flight parameters to collect the photographic data as illustrated in
equations (1 to 8) [19]-[22], Table (1).

AGL; = w (1)
_ fXGSD X VR
AGL, = I — 2)

where AGL.: stands for the flight altitude over ground level (m); GSD: Ground Sampling
Distance (m/pixel); f: for the focal length; SH: for the sensor height; SW: for the sensor
width; HR, VR: for the sensor's horizontal and vertical resolutions; (px).

GSD = sensor widthxfly.ing higi'lt><100 (3)
focal lenghtximage width
End Lap(PE) === x 100 (4)
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Side Lap(PS) = % x 100 (5)

GSD x(8 ) maximum motion blur

UAV speed (m/s) = (6)
(It ) the shutter s'peed
Sp= Image coverage (W) x (110(:)0 - amount of side lap) (7)
Where SP is the distance between flight lines.
Number of flight lines (NFL)= (WIDTH / SP) + 1 (8)

where G is the dimension of the ground square covered by a single vertical photograph, B
Is the air base or distance between exposure stations of a stereo pair, and W is the spacing
between adjacent flight lines.
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Figure 4: (a) The DJI Phantom 4 UAV was deployed to gather data in the study area;(b)
Flight plan settings in the Pix4Dcapture in (7308) images.

Table 1: The UAV flight settings were used for collecting the photogrammetric data.

Parameters Settings
Flying altitude 120 m
Overlap and side lap 80%, and 70%, respectively
Flightline 91 lines
GSD 3.27cm

2.3. Data Processing and Modeling

Before starting the implementation of 3D data reconstruction, the filtering process was
applied to remove the distorted images that suffer from poor overlap ratios resulting from
wind activity and high contrast in the terrain. Then after, the raw images were pre-processed
by enhancing the brightness and contrast of the images, which can reduce the impact of
shadows and simulate realistic colors and obtain high details, which would enable SfM
methods to extract common features in the images, which leads to better alignment, grids, and
textures, Figure (5). The Agisoft Metashape Professional (MS) software (paid version) was
used to process the taken images (www.agisoft.com) to produce photorealistic 3D models.
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MS features the highest levels of automation; however, it provides manual processing control
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and deals with the widest variety of data types with high reliability.

Figure 5: Schematic workflow for data processing in MS software with STIM-MVS
algorithm.

The alignment process was fully automated and could produce dense point clouds, the
basis for 3D surface reconstruction, and generate orthorectified mosaics, Table (2,3).

Table 2: Information about the computer's specs that processed the data

CPU Core i7-11800HQ
RAM 32.0GB

storage 256 SSD
GPU NVIDIA GeForce RTX 3050

Table 3: Time and storage are used to process data.

The time of matching 43 mins 47 sec
Corresponding memory usage 7.99 GB

Time for alignment 54 mins 51 sec
Memory used for alignment 5.95 GB
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The alignment includes Bundle Block Adjustment (BBA) and Aerial Triangulation (AT).
At this stage, MS looks for feature points on the photos and compares them to create tie
points. For each image, a sparse point cloud of tie points is recovered with an estimate of the
camera's location and orientation. Twelve markers were included in MS representing GCPs,
which were used for georeferencing of the models. The parameters used to build dense point
clouds are illustrated in Figure (6). With Stereo Multi-View (SMV) algorithm, a high-
resolution dense point cloud was created based on the sparse point cloud produced by the
alignment stage.

Canvel

(@) (b)
Figure 6: In MS software, (a) Alignment stage settings; (b) MS parameters utilized in dense
point cloud construction.

After this stage, the dense point clouds are ready for many options, as they are the basis for
creating subsequent processing stages (such as Build Mesh and Build DEM) by editing,
classifying, and exporting data for additional analysis outside the software.

e DTM Extraction

To generate a DTM, MS offers a feature for automatically detecting ground points based
on the Adaptive Triangulated Irregular Network (ATIN) algorithm [23]. The parameters used
for classifying ground points in this dataset are shown in Figure (6).

There are two steps to implementing the automated classification process; in the first
stage, cells of a particular size are created from the dense cloud, and each cell's lowest point is
discovered. The initial estimate of the terrain model was produced by triangulating these
locations. In the second stage, the ground class gains a new point if two conditions are met:
The distance to the terrain model must be within a specified range; the terrain model's angle
and the line connecting this new point to a land class point must be smaller than the maximum
value of the angle. The second step will be repeated if there are still some points to examine.
Figure (7) shows the output from automatic classification illustrating part of the study area.

MS allows the extraction of DEMs subtracted from classified datasets, where manual
editing was carefully performed after automatic classification to ensure that the based DTM is
correctly computed and truly represents the terrain for further processing. Figure (8) shows
DEM and DTM extracted for part of the study site. Further, the orthomosaic of the entire site
was extracted automatically in MS for further inclusion in future processing.
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Figure 7: (a) Parameters used in automatic classification in Ur to produce ground points; (b)
Part of the study area by UAV image (c) Part of the study area after applying an automatic
classification algorithm of dense cloud.

Figure 8: Part of the studyarea aftr the procesing and production of models: (a) DEM
and (b) DTM.

2.4. Visualization Methods (Post-Processing)
Researchers have developed various techniques for visualizing the topographic data, for being
a critical step in the post-processing of the topographic mode in archeology [7], [24]-[26].
The open-source QGIS package is an advanced high-quality GIS feature with almost
unparalleled depth in providing preprocessing and visualization tools included in the main
package. Four visualization raster images were generated from the DTM model: Shaded relief
maps (hillshade); Slope images; Red-Relief Image Mapping RRIM images; and Aspect images;
these images represent visualization raster images. All the visualizations used add value to
more understanding of the scene as no technology or single map of one size can fit all features
at once [27]-[29]. This is the main power of extracting multiple visualization rasters or maps
toward the possible detection of new archeological features in the site.

o Red-Relief Image Mapping (RRIM)

The RRIM is a method to visualize the ground surface generated by overlapping the
differential openness raster with the slope raster values, which are then used to generate a
combined map that shows 3D images by one image. It illustrates convexities and concavities
with the topographic slope raster in red color [2], [30]. The differential openness equation (1)
was applied to extract the RRIMs in the UR case study by calculating the openness
coefficients, as shown in Figure (9), Equation (9), [31].
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Figure 9: Elements of differential openness in UR (a) Positive openness; (b) Negative.

Where the differential openness raster is (1), while Op is positive openness, and On is
negative openness.

3. Results and Discussion

This section presents the results of the UAV-based photogrammetry methodology adopted
in this study to detect new archeological remains in the ancient Ur city potentially. In the data
acquisition stage, at the end of the flight, (7308) images were acquired after removing
unwanted images to cover approximately 430 ha of the study area. At the same time, in
processing results, automatic extraction and matching by powerful algorithms such as Scale-
Invariant Feature Transform (SIFT) contributed to the product development of a point-dense
cloud (1,088,299,187 points) derived from a separate (2,726,706 points) cloud with an RMS
reprojection error (0.598241 pixels), within the SfTM-MVS photogrammetry approach. The
model was georeferenced through 12 ground control points listed in (MS), 4 of which were
considered checkpoints to evaluate the accuracy of the produced model, Tables (4 and 5).

Table 4: Control points Root Mean Square Error (RMSE), where X= Easting, Y= Northing,
Z= Altitude.

Count | X error (cm) Y error (cm) ‘ Z error (cm) | XY error (cm) |Total (cm)

8 ‘ 0.982015 0.733701 ‘ 1.15239 ’ 1.22583 ’ 1.68246

Table 5: Checkroints RMSE, where X= Easting, Y= Northing, Z= Altitude.

Count X error (cm) Y error (cm) ‘ Z error (cm) XY error (cm) | Total (cm)

4 ‘ 2.06015 1.26174 ‘ 5.35365 ‘ 2.41582 | 5.87348

The automatic 3D dense surface generation made it possible to reconstruct the DEM with
an accuracy of 6.44 cm/pixel and a point density of 241 points/m2, Figure (10).
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L.

Figure 10: DEM of tH ancient“city of L-J'r by MS softwe.

DEM was the basis for deriving the DSM in addition to DTM by applying the Adaptive
Triangulated Irregular Network (ATIN) algorithm for classifying land points, which was

suitable for the topography of the study area [23].

Mosaic images were produced with a size of 82,361x96,623, colors (3 bands, uint8), and
coordinate system of WGS 84 / UTM zone 38N (EPSG:32638)); Figure (11).

M2 M00

Figure 11: The Mosaic images of the ancient city of Ur by MS software.
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On the other hand, the visual analysis techniques of the QGIS software package based on
digital models derived from photogrammetry allowed the creation of two types of raster
images:

1. Stand-alone raster images, hillshade raster, slope raster, aspect raster, positive and
negative openness raster.

2. New hybrid raster images were created by merging multiple topographic raster layers to
produce the RRIMs, which consist of merging two layers of positive openness and
negative openness with a slope layer, Figure (12).

(@) (b)

Figure 12: The ancient Ur city by QGIS software package each of (a): The RRIM layer; (b):
The hillshade layer.

Through the visualization tools and techniques adopted, the archaeological features in this
sector can be classified into three types: Archaeological structures, Features from previous
excavations, and Possible new archaeological remains. Many buried and near-surface
archaeological remains previously excavated from Woolley's campaigns left behind different
types of architectural traces (such as signs of soil color difference and signs of variation in the
geomorphology and topography of the study area) which allowed to identify these traces
through visualization techniques applied in this study.
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owever, it is noticed that all these signs share varying proportions to represent the
archaeological features, so the integrated visualization techniques were found to represent an
appropriate solution to overcome this limitation, taking into account the manipulation of the
layer settings in each case to reach a sufficient distinction, Figure (13).

"~ »
& | 1) DEM +Siope (eSS
"

Figure 13: (A) It is located south of the hill. Markings are visible through the color of the
soil. (B) It is located south of the hill, showing the topography of the previously excavated
archaeological remains. (C) The archaeological features show the different visualization
layers' soil color differences and terrain. (D) Some potential archaeological features south of
the hill are shown with mosaic images.

After verifying the identified archaeological features by different visualization methods and
by comparison with the archaeological features identified by the recent study conducted by
Emily[32], a digital map was produced representing the remains of visible archaeological

4689



Jaber and Abed Iragi Journal of Science, 2024, Vol. 65, No. 8, pp: 4677-4694

structures and features from previous excavations and the potential findings of new
archaeological features, Table(6), and Figure (14). Therefore, the map is a valuable digital
database for researchers and specialists to analyze further and interpret the archaeological
monuments in the ancient Ur City.
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Figure 14: A digital map describing the archaeological features of the ancient Ur city was
identified using visualization methods through the QGIS software.
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Table 6: The surface area of possible new archaeological remains.

‘ NO. Sector description Area (m2)
1 Sector A 270.07
2 Sector B 4874.27
3 Sector C 3658.94
SUM 8803.29

4. Conclusions and Recommendations

This research presented a UAV-based photogrammetry methodology following the SfM-
MVS algorithms and raster image analysis to detect potential archaeological features in the
ancient Ur City. This study explores the potential of RS data to improve the archeological
remains detection in one of the most famous archeological sites in the world. New
archeological findings were detected using standalone and integration approaches using raster
analysis. Based on the methodology, visualization methods, and data analysis, several
conclusions and recommendations for future work are described below.

4.1. Conclusions

The conclusions reached in this research can be summarized as follows:

1. The routine of producing 3D digital topographic models from the UAV platform using
non-destructive techniques supported by Al algorithms such as SfM-MVS was beneficial in
overcoming logistical and administrative hurdles during the 3D data collection process.

2. The produced topographic models can be considered as a reliable database that opens the
way for the use of multiple analytical tools that have an influential role in revealing new
archaeological features, modifying the ideas of settlements presented in previous studies, and
documenting excavated artifacts, thus bridging the gap in traditional and destructive methods.
3. Analysis and visualization tools based on carefully selecting parameters were used to
extract raster images from the 3D data provided by UAV photogrammetry. This contributed
to improving the performance of the adopted standing-alone approach by effectively
identifying new archaeological features at the site through the integrated approach.

4. Integrated visualization methods, by precisely defining the input parameters on the one
hand and controlling the layer settings on the other hand, helped to overcome several
limitations, such as the lighting effect, thus revealing new archaeological features. These
methods were effective with the archaeological features characterized by signs of contrast to
the terrain compared to those with signs of the architecture of contrasting soil colors.

5. The results of verifying the potential new archaeological features discovered using
various visualization techniques showed that many archaeological features match Emily's
maps while others have not.

6. Through the digital maps that were produced for the ancient Ur City, the shape and
distribution of potential new archaeological features discovered throughout the site indicate
the convergence of the geometric and architectural form of these features with the geometry
of the features of the excavated monuments (width and length of the walls and their
straightness and perpendicularity) that date back to the late periods of the history of Ur (such
as Neo-Babylonian period, the Kishian period, and the Assyrian era).

7. This study concluded the importance of using the new UAV technology for archaeological
surveys and encouraged the local authorities and the Antiquities Authority to use such
technologies in their work.
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4.2 Recommendations For Future Works
Some recommendations that may be useful to researchers and specialists in the future are
presented below:

1. The UAV- Photogrammetric methodology used was very powerful in detecting potential
archaeological features and previous excavations and documenting archaeological structures,
so it could be recommended in future archaeological research alongside multi-spectral
cameras to detect hidden objects better.

2. In the data processing stage, defining and strictly monitoring the parameters constraining
the precision and accuracy of the produced model is recommended, especially the parameters
of the automatic classification algorithm for dense cloud points in the MS software and the
parameters of the RRIM construct in QGIS software. These parameters must be considered
according to the site environment and the detail to be displayed.

3. Non-invasive RS methods, based on the author's knowledge, were proven their worth in
detecting hidden archaeological features in the archaeological landscape, whether they are
independent ones, as is the case in the methodology used in this research, or the RS fusion
approach that recommend applying for future work on the archaeological site of Ur. There is a
possibility to obtain information relatively more in comparison to independent RS methods
and thus likely to improve data interpretation and analysis performance.
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