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Abstract

Background and objectives: Laser scanners and digital cameras have enabled the creation of
3D models in forest environments by generating point clouds. While laser scanning
technologies are often the preferred method for rendering the forest understory in three
dimensions, a major limitation is their dependence on access to Global Navigation Satellite
Systems (GNSS), which can complicate data acquisition in certain environments. An alternative
to this limitation is the use of photogrammetry techniques. The objective of this study was to
evaluate the feasibility of using high-precision terrestrial close-range photogrammetry as an
alternative to traditional methods for measuring forest trees.

Methodology: Field measurements were conducted on 10 randomly selected coniferous trees
located on the campus of K.N. Toosi University of Technology in Tehran, Iran, during the
summer of 2022. Due to the lack of smoothness on the tree stems, image processing can lack
sufficient detail. Therefore, coded and hand-made refractor targets were installed to scale the
images to real-world dimensions. Control lengths were designed for orientation, and check
lengths were implemented to assess accuracy. Target distances were measured using calipers
and installed at various heights around the stem. Photographs were captured using a Fujifilm
FinePix Real 3D W1 camera from 45 stations in stop-and-go mode, rotating 360 degrees around
each tree. Stereo pair images were taken using manual focus, without a tripod. The best images
were selected for each project, and matching of control and check length points was performed.
One-third of the control lengths were designated as check lengths to avoid influencing the
calibration. To evaluate accuracy, the following metrics were used: Root Mean Square Error
(RMSE), percentage RMSE (%RMSE), Mean Absolute Error (MAE), and percentage MAE
(%MAE).

Results: The accuracy of both control and check points achieved sub-millimeter precision.
Total control point error was below 1 mm (0.6 mm), with RMSE = 16.79% and MAE = 10.3%.
For individual trees, image reprojection errors were also analyzed in RMS pixel units. Tree
number 10 showed the lowest RMS error (0.376 pixels), while tree number 5 had the highest
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(0.695 pixels). However, this metric alone is insufficient for full accuracy assessment, as
outliers were likely retained to avoid bias in error estimation.

Conclusion: Achieving sub-millimeter accuracy is rare in forest science photogrammetry but
common in industrial applications. The findings demonstrate that close-range terrestrial
photogrammetry, when combined with proper network design and optimal image-capturing
distance, can yield high-quality models at relatively low cost. This method shows strong
potential to compete with more expensive technologies for generating dense and precise point
clouds of individual trees.

Keywords: Calibration, check length, control length, forest management, photogrammetric
network.
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Table 1. Specifications of the camera used in the research

General specifications of the camera Weight: 260 grams - Dimensions: (26 x 68 x 124) mm

CCD sensor with dimensions: (4.55 x mm 17.6) - Sensor effective accuracy: 10 megapixels -
Maximum resolution: 2376 x 3648 - Processor: RP (Real photo) 3D
Photography Shutter speed from 1.1000 seconds to 1.4 seconds
Screen 2.8 inches with 230,000- dots does not have a touch screen
Other specifications: storage on SD/ SDHC card, internal - NP-95 rechargeable lithium ion
battery and charger

Sensor and image

Input and output
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Table 2. Camera settings used in the research
Camera settings iso f/stop Shutter Focal length

100 f/8 & /5 1/250 3/6
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Figure 6. Flowchart of camera settings and exposure
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Table 3. Basic information about the status of tree photography

Tree number  Number of photos

Focal length  Number of targets Number of length targets Effective overlap RMS (Pix)

1 45 6.3
2 45 6.3
3 45 6.3
4 45 6.3
5 45 6.3
6 45 6.3
7 45 6.3
8 45 6.3
9 45 6.3
10 45 6.3

16
16
14
14
12
16
16
16
16
14

8 2.31 0.586
8 2.2 0.453
7 2.13 0.377
7 2.17 0.667
6 2.2 0.695
8 2.36 0.565
8 2.18 0.458
8 2.15 0.545
8 2.17 0.441
7 2.25 0.376

oM&}e)\x\ RCES T JjﬁgJ‘gb} S Job las =¥ Jous
Table 4. Error of check length and control length in measured trees

Tree number Number of check lengths Total check length error (mm) Total control length error (mm) Number of control lengths

1 3 1.28 0.509 5
2 3 0.466 0.412 5
3 2 0.82 0.28 5
4 2 0.803 0.743 5
5 2 0.759 0.663 6
6 3 0.77 0.257 8
7 3 0.131 1.446 8
8 3 0.756 1.24 8
9 3 0.422 0.406 8
10 2 0.129 0.167 6
Mean 0.63 0.61

S Jsb ool 4 by e oyl =0 s
Table 5. statistics related to check length evaluation

Statistical index (cm) RMSE (cm) RMSE% MAE (cm) MAE%
Check length 17.3 16.79 % 1.0 10.3
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