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Abstract

Background and objectives: Over the last two decades, the use of 3D remote sensing
technologies such as mobile phone LiDAR and photogrammetric methods to extract point cloud
information in forestry has grown significantly. Mobile phone LiDAR, due to its laser scanning
capability, allows accurate 3D measurements of objects in a short time for single trees. This study
measured crown base height and diameter at breast height under similar atmospheric and lighting
conditions using close-range photogrammetry and mobile phone LiDAR approaches. The
measurement process time from data collection to dense point cloud generation was also
considered. The aim was to evaluate and compare the performance of these two methods in terms
of accuracy for breast diameter and stem height estimation and acquisition time for 3D tree stem
modeling.

Methodology: Sixteen individual oak trees were selected from four central Zagros sites in
western Iran. The close-range photogrammetry method involved capturing images with a 360-
degree rotation around the tree under manual focus and adequate lighting. For mobile LiDAR, the
stem was scanned by walking around the tree. After image acquisition, processing steps included
interior orientation, camera location determination, and input of control and check lengths
previously marked on the stems, to produce 3D visualizations and dense point clouds. The iPhone
LiDAR data were processed using Scaniverse software. Control and check lengths were measured
directly with calipers before data collection. In Metashape, distances between check and control
points were optimized by marking. Statistical parameters including RMSE, RMSE%, MAE, and
MAE% were calculated by comparing intervals from photogrammetry and LiDAR point clouds
to direct caliper measurements.

Results: The photogrammetry workflow and processing steps averaged across the 16 trees are
tabulated. Obtaining a dense point cloud via photogrammetry requires completing ten processing
steps. Processing time depends on the system used. In terms of timing, close-range
photogrammetry requires ten steps after data acquisition to produce dense point clouds, whereas
mobile phone LiDAR only involves two stages: scanning and direct processing. Results showed
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that the time needed to generate dense point clouds using photogrammetry was roughly 21 times
longer than with mobile LiDAR for each tree. The photogrammetry approach yielded better
accuracy for crown base height (RMSE = 6.63%), while mobile phone LiDAR performed better
for breast height diameter estimation (RMSE = 1.86%).

Conclusion: Zagros oak trees, being monoecious and seed-propagated, provide a suitable test
case for applying these technologies in forest cover studies. Tree characteristics such as thin
crowns, sufficient light penetration to the stem, low altitude, and low crown branching facilitate
measuring stem height. Comparing photogrammetric and LiDAR methods remains challenging
due to different quality and accuracy criteria used since these technologies emerged. Ultimately,
the choice between these technologies depends on whether the focus is single-tree or mass tree
measurements.
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Figure 3. Overlay of images, position and distance of camera to tree (meters), from the Metashape report
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Fig 4. A close-up of the length of the target and the length of the checks installed on the tree stems
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Figure S. a) Dense point cloud quality from tree stem scanning by mobile phone LiDAR, b) Dense point cloud
quality of tree stem by close-range photogrammetry
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Figure 6. The workflow of research implementation steps
.MJ‘;A QL‘“ \) o\J&b u"L LlDAR 9 0\335)}3 @w

AU pasl A ees Jola sl oS5 i s i
Wl Vb ey Sl cadS ) e S b
Al o ps b ot o) an il LIDAR o8 _JLs ;5 00
é\ﬁLEj\ﬁ\é\ﬁm@&j\sﬁjcﬁ&)>O§“\
i S BB b Y Joas 5o 3, JS ol ol

ol Vg 5o IS 0l )

S e g 513 Sl 5 L o 8
sl ¥ s 3 s Aol V8 6l Sl & pony
S L WS s o4 plees Gl o
i b e e e &S cl oY ol S i s
Sslize o3lizal 3) 50wt f 5 wam 5l B3l S
25 aal 5

ST S 55000 95 sxupley X 5 Y cldsas



Ny Yool ¥ i Gl sio 5 K Slides als 40

Metashape (Agisoft) Bl e 53 (Gaed (e e 513 Jol e 5 plis s 48 (gLl p S a3 ganple; oxSbe =Y Jgas

Table 2. The average timing of tree stem photography and terrestrial photogrammetry processing steps in the Metashape
(Agisoft) software platform

Terrestrial photogrammetry work and processing steps Average time (hours, minutes and seconds)
Photography 00:11:33
Photos selection 00:04:44
Alignment 00:06:28
Markers 02:32:25
Filtering 00:04:00
First Optimization 00:00:19
Reference setting 00:01:27
Check-points 00:00:49
Second Optimization 00:00:19
Dense point clouds 01:08:49
Total time 04:10:42
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Table 3. The average timing of tree stem scanning process by mobile phone LiDAR in Scaniverse application platform

Average time (hours, minutes, seconds and hundredths of seconds)

Scan the tree Dense point cloud processing time Total time
00:05:38.42 00:06:39.11 00:12:17.5

s Shas ol s Gils LIDAR il plis,l s ks S amse ol 0 5 F s sbaylel )
Sl &) el J';@_!‘O\;.é-);&\j:)\a)}\j).sa\s‘,fgjwﬁj@'w
azsia 8|y S J 5 a8 o Jas ol an a5 LIDAR 5

o pan il LIDAR 5 ol 53 1 g 55 Ja 5 0l 53 a5 gl ol 0o iy lite) (slaslons =¥ Ui
Table 4. Validation criteria related to tree stem height by close-range photogrammetry and mobile phone LIDAR

Method RMSE (m) RMSE% MAE (m) MAE%
Close-range photogrammetry 0.183 6.63 0.14 4.66
Mobile phone LIiDAR 0.299 10.8 0.24 7.95
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Table 5. Validation criteria for estimating the diameter of trees by close-range photogrammetry and mobile phone

LiDAR
Method RMSE (cm) RMSE% MAE (cm) MAE%
Close-range photogrammetry 111 2.53 0.8 1.85
Mobile phone LIiDAR 0.82 1.86 0.6 1.58
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Table 6. Comparison of Close-Range Photogrammetry and iPhone LiDAR
Feature Close-Range photogrammetry iPhone LiDAR
Data collection speed Time-consuming; requires capturing a set of images Fast; collects data quickly using the LiDAR
from various angles sensor

Processing time

Accuracy

Equipment requirements
Lighting conditions

Applications

Time-consuming; requires processing images and
generating 3D models (hours to days)

High accuracy (up to about 0.1 mm)

Requires specialized cameras and software
Requires suitable lighting conditions
Precise projects like reverse engineering, surveying,
and documenting historical sites

Fast; near-instant processing within the app

Moderate accuracy; generally less than
photogrammetry
Requires a smartphone with a LIiDAR sensor
Performs well in various lighting conditions
Augmented reality, rapid surveying, and
environmental analysis
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