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Summary

This study provides a thorough analysis of the impact of different image file formats on the ac-
curacy of photogrammetric studies using non-metric cameras. It specifically examines three
widely used data storage formats: digital RAW negatives, lossless TIFF files, and compressed
JPEG files, evaluating their effectiveness across various measurement conditions. The research
involved photogrammetric measurements of two distinct test objects, providing a basis to evalu-
ate how the choice of equipment and data format influences the quality of the resulting 3D
models. The findings from this study highlight that the RAW format offers the highest quality
and fidelity of detail in photogrammetric models, which is particularly crucial for professional
applications where extreme accuracy is required. Conversely, the TIFF format, while balancing
quality and file size, introduces minor geometric errors that might be acceptable in applications
with less stringent accuracy demands. The JPEG format, although the most efficient in terms
of file size reduction, shows the greatest level of distortion and the lowest level of model geom-
etry accuracy. This is attributed to the lossy nature of JPEG compression, which significantly
compromises the precision needed for high-quality photogrammetric output. Consequently, the
study underscores the importance of selecting the appropriate file format based on the specific
accuracy requirements of the photogrammetric task at hand.
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1. Introduction

Photogrammetric surveys rely on high-quality imagery to ensure accurate geometry
reproduction. The quality of these data depends on several factors [Alfio et al. 2017,
Welch and Dikkers 1978], including camera optics, parameter settings (ISO, aperture,
exposure time), shutter types (global, rolling), recording format, and post-processing
(RAW, JPEG, TIFF). Research on non-metric analog cameras dates back to the 1970s
[Welch and Dikkers 1978], forming a knowledge base that has evolved with digital
technology [Gonzales and Woods 2002, Gotka and Halinski 2000]. The digital negative,
RAW, converted to TIFF, is preferred for photogrammetry [Parulski and Spaulding
2003]. RAW files, processed minimally and directly from the sensor, preserve extensive
information, aiding in correcting optical defects and exposure issues. However, the
varied RAW formats across manufacturers complicate multi-source projects. Adobe’s
DGN [Digital Negative] format addresses this by standardizing RAW data, making
it easier for software developers to implement. TIFF (Tagged Image File Format)
[Parulski and Spaulding 2003, Sumner 2014], developed by Aldus and now owned by
Adobe, is popular for its scalability and lossless compression, suitable for photogram-
metric applications. However, increasing image resolution necessitates more efficient
compression systems due to higher data volume. The JPEG format [Panchanathan et al.
1996], created by the Joint Photographic Experts Group, addresses this by minimizing
file size. It offers lossy and lossless types of compression. Lossless compression saves
about 10% of the file size with minimal pixel changes, while lossy compression signifi-
cantly reduces file size but increases image distortion [Burley and Lacewell 2008]. JPEG
compression involves color space conversion and down-sampling [Alfio et al. 2017].
Adobe standardizes compression from 0 to 12, with 12 indicating 93-100% fidelity to
the original and 0 indicating 0-7% fidelity [Adobe Systems Inc. 2012].

2. Project objectives

The goal of this study was to compare the effect of data format and the type of compres-
sion on photogrammetric results using cameras from different markets: professional,
semi-professional, and amateur [Alfio et al. 2017, Welch and Dikkers 1978].

The cameras used were a Canon 5D Mark IV with a Sigma Art 35mm lens, a DJI
Mavic 2 Pro with a built-in camera, and a Samsung Galaxy S22 Ultra. The Canon is for
professional photography and photogrammetry, the Mavic 2 Pro for semi-professional
photogrammetric missions, and the Samsung smartphone, a consumer device not typi-
cally suited for such work [Albertz and Wiedemann 1995, Barrile et al. 2015].

The selected file formats were RAW CR2 and DNG, developed 16-bit lossless TIFF,
and developed JPEG files with a compression ratio of 8 [Alfio et al. 2017, Welch and
Dikkers 1978]. RAW files, chosen for their wide range of information, were processed
in Agisoft Metashape version 2.0.7. Lossless 16-bit TIFF files were developed after
correcting optical defects for optimal visual results [Alfio et al. 2017, Welch and Dikkers
1978, Parulski and Spaulding 2003]. JPEG images were also developed from RAW files
with the same parameters as the TIFF files [Fraser 2013, Workman et al. 2015].
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The first stage involved creating datasets (point clouds, 3D mesh models, textures)
using all file formats in Agisoft Metashape version 2.0.7 [Kraus 1993, Linder 2013].
This included making sparse and dense point clouds, grid models, and UV textures,
aligned to a unified local coordinate system [Dlesk et al. 2020, Maiwald et al. 2017].
Timing was crucial in analysing these elements. Measurements were performed on
a single workstation for consistent computational power [Albertz and Wiedemann
1995, Barrile et al. 2015].

The second stage of office work involved an analysis [Gotka and Halinski 1998]
that was divided into stages based on the measurement object. The first stage analyzed
processing time and computing power for each file format; the second stage involved
a visual analysis of reproduction factors and geometry inspection using Metashape.
This concluded the analysis for objects measured under laboratory conditions. In the
third stage, squared errors, residual errors, and the covariance matrix were compared
for objects with photopoints measured in the field [Besl and McKay 1992]. The final
stage compared noise values of the dense point clouds using Cloud Compare software
[Rajendra et al. 2014].

3. Measurement of object No. 1 — controlled lighting conditions

The first set of measurements aimed to minimize the impact of external factors. The
optical test room with consistent lighting was used [Boron et al. 2007]. A rotating base
was placed centrally, with the Leica Scanstation P40 laser scanner as the first measure-
ment object due to its complex geometry and uniform surface [Stamatopoulos 2011].
Each camera was stabilized on a tripod and set to a native ISO of 100 to minimize
errors and noise [Welch and Dikkers 1978]. Photos were taken from three perspectives:
40 cm above the scanner with a 30-degree downward angle; level with the scanner;
and 40 cm below the scanner with a 30-degree upward angle. The base was adjusted
by 10 degrees, resulting in 108 photos per camera. Each camera was set to full resolu-
tion, saving images only in RAW format (CR2 for Canon, DNG for Samsung and DJI)
[Workman et al. 2015]. The measurement focused on reconstructing the object from
RAW data without capturing photopoints [Hegde et al. 2012].

4. Measurement of object No. 2 — dynamic lighting conditions

The second set of measurements aimed to include the impact of external factors. The
Fryderyk Chopin monument in Park Decius, Krakéw, Poland, was selected as the test
object. The measurement took place under favorable lighting, with an overcast sky
eliminating harsh light [Mancini et al. 2016]. The complex geometry of the monu-
ment was ideal for accurate comparisons between model renderings and point clouds
[Mikhail et al. 2001, Fraser 2013]. A photopoint measurement on the object’s surface
was performed using a TrimbleC5 total station with 1-second precision, recording 12
photopoints in 2 series (two rotations each) to minimize error [Trimble 2018]. The
measurement used the local XYZ coordinate system, with no plans to transfer to
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a global system [Chen et al. 2014]. Photogrammetric imaging was performed using
handheld cameras, with the ISO increased to 320 and an exposure time of 1/200s to
prevent motion blur. Measurements were taken from two perspectives: one at about
one meter high and another at two meters high, both perpendicular to the object.
There were 40 photographs taken from each perspective, a total of 80 per camera. The
measurements were successfully conducted, allowing the project to proceed.

5. Office work — photo development

To prepare the acquired images for further processing and to conduct analyses, it was
necessary to prepare the images for additional editing. Regarding the imaging of measure-
ment objects, these were divided into three categories: RAW, TIFF, and JPEG. The RAW
format photos were left as originally captured. TIFF and JPEG format images were
developed using Adobe Lightroom to extract data from shadows and eliminate overex-
posures. Automatic lens optical correction was also performed. The photos were neither
sharpened nor denoised to preserve the accuracy of the measurements [Dlesk et al. 2020,
Maiwald et al. 2017]. After development, the photos were exported in two versions: as
16-bit, uncompressed TIFE and in JPEG format with the compression level set at 80.

6. Office work — photogrammetric works in Agisoft Metashape

To prepare the photogrammetric products, data processing was conducted in Agisoft
Metashape software. The processing involved initially aligning the images, and for object
number 2, fitting the preliminarily aligned photos into the local reference system. This
was followed by generating a dense point cloud based on depth maps obtained from the
captured images [Remondino et al. 2011]. The next step was to create a mesh model based
on the aforementioned depth maps and to overlay the model with texture in the form of
two 8k resolution UV maps [Westoby et al. 2012]. It was planned to produce 9 scanner
models and 9 monument models, all according to the same batch processing scheme
[Szeliski 2010]. The scheme included the following steps with the given parameters:

1. Align Photos: medium accuracy, no generic preselection, key point limit of 20000,
tie point limit of 6000, no masking, exclusion of stationary tie points, no guided im-
age matching, and with fixed camera model fitting. Additionally, for the monument
model, fitting the model into the local system and aligning the results was required.

2. Build Dense Cloud: medium quality, aggressive depth filtering, with calculations of
point colors and point confidence.

3. Build Mesh: using depth maps as source data, arbitrary surface type, medium face
count, aggressive depth filtering, interpolation on, without calculating vertex colors.

4. Build Texture: generic mapping mode, mosaic blending mode, 2x8192 textures,
with hole filling and ghosting filter. The assumptions were not to clean the point
cloud in order to check the number of unwanted elements generated [Barrile et al.
2015]. A report was generated for each of the 18 created models. For the monument
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processing, dense point clouds were exported in .laz format. Orthogonal projec-
tions of the model fronts were exported in three versions: textured, reproduction
fidelity coeflicient, and full mesh. These images were used for visual analysis to as-
sess rendering quality [Panchanathan et al. 1996].

7. Office work - analysis

Optical analysis facilitated the determination of possible fidelity of reproduction, chro-
matic aberration, distortion, and depth of field, enabling the most accurate depiction
of the photogrammetric products created [Fraser 2013]. After completing the postpro-
cessing tasks in Agisoft Metashape, data analysis commenced [Scianna and La Guardia
2017, Tinkham and Swayze 2021]. The analysis was divided into two parts.

7.1. Visual analysis in Agisoft Metashape

This analysis covered all the created models (9 scanner models and 9 monument
models). Comparisons were made based on texturing quality, reproduction fidelity,
and overall topology [Scianna and La Guardia 2017]. Initially, the Canon camera’s
photogrammetric products were evaluated (Fig. 1), showing models based on RAW,
16-bit TIFF and 8-bit JPEG formats [Kingsland 2020].

Canon RAW

[

Canon TIFF

'R

Canon JPEG

Source: Authors’ own study

Fig. 1. Canon visual analysis
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Starting from the left, we see the texturing of the model, the fidelity of reproduction
coefficient (blue for correct values, red for reproduction errors), and the model without
texture [Howland et al. 2022]. For RAW files, the model geometry is accurate with fine
details, and the fidelity of reproduction is high - few shifts toward red, despite working
with reflective surfaces and complex geometry. The texture is correctly executed with-
out artifacts or illegible spaces [Panchanathan et al. 1996]. The situation changes with
the model based on TIFE Despite extracting all possible details and removing overex-
posures, the resultant product significantly deviates from the RAW model. Geometric
distortions become visible, reducing the fidelity of reproduction coefficient, and the
texture loses details and sharpness [Fraser 2013]. The model based on JPEG performs
even worse—significant changes in geometry, over 80% error in the reproduction coef-
ficient, and the worst texture quality of all [Chang and Tan 2004].

Canon RAW

Canon TIFF

Canon JPEG

Source: Authors’ own study

Fig. 2. Canon visual analysis

The monument model was then analyzed (Fig. 2). Despite its complex geometry, it
was easier to digitally reconstruct due to its rough, non-reflective surface. We can see
the advantage of RAW files, although it is not as significant as in case of the scanner,
due to the aforementioned ease of digital reconstruction of the model. The model based
on RAW exhibits exemplary accuracy and detail, with the fidelity of reproduction coef-
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ficient showing no significant deviations, and the texture is sharp and precise [Orych et
al. 2014]. The model created using TIFF also presents high quality, with minimal errors
in the fidelity of reproduction coefficient and geometry, and the quality of texture is
also good [Orych et al. 2014]. Similarly, the evaluation of the model based on JPEG
shows slightly lower quality than TIFE in terms of both geometry and fidelity of repro-
duction. However, the texture quality and clarity remains good [Daakir et al. 2019].

Next, the products created using the DJI Mavic 2 Pro were reviewed, starting with
the scanner models (Fig. 3). The model based on RAW shows significantly lower quality
than the model based on the same file type created by Canon. There are visible errors
in geometry, and a substantial amount of the fidelity of reproduction coefficient error is
present. Nonetheless, the texturing is performed at an acceptable level [Giuliano 2014].
The situation worsens with TIFF - holes begin to appear in the object, and the topology
of the object ceases to be acceptable [Fraser 2013]. The fidelity of reproduction coef-
ficient noticeably shifts towards red [Reina Ortiz et al. 2019]. The texture is incorrectly
executed [Kabadayi and Erdogan 2022]. A model based on JPEG was not possible to
obtain, as the photos were unable to correctly align [Hegde et al. 2012].

DJI RAW

Source: Authors’ own study

Fig. 3. DJI visual analysis

The next step in the analysis was the evaluation of the monument models (Fig. 4).
Here, the results further confirm the quality of models made from RAW. There are no
significant errors in topology, minimal errors in fidelity of reproduction are visible,
and the texture is sharp and clear [Clevy 2013]. For the model made using TIFF,
there is a significant regression compared to RAW - some elements of the monu-
ment could not be reconstructed, and those that were reconstructed show errors in
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topology, which in turn deteriorated the fidelity of reproduction coefficient [Albertz
and Wiedemann 1995]. The texture loses sharpness and accuracy [Kiefner and Hahn
2000]. An even greater error characterization is observed in the model made from
JPEG - in addition to missing parts of the monument, there are added distortions.
The fidelity of reproduction coeflicient is lower than in the TIFF case, and the texture
also visibly loses quality.

DJI RAW

DJI TIFF

DJI JPEG

Source: Authors’ own study

Fig. 4. DJI visual analysis

The final component of the visual analysis involved evaluating the products made
using the Samsung camera, starting with a comparison of the scanner models (Fig. 5).
Even in the RAW file, significant geometric errors and holes in the model are visible,
resulting in a low fidelity of reproduction coeflicient and a poorly matched, low-quality
texture. The model based on TIFF shows a complete lack of utility - very large errors in
the model’s topology, gaps, and a failure to reconstruct details [Parulski and Spaulding
2003]. The fidelity of reproduction coefficient is noticeably shifted towards red, and the
texture is blurry and poorly matched. The model created using JPEG lacks any details,
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the topology is incorrect, and the fidelity of reproduction coefficient exhibits very large
errors. The texture is incorrect, blurry, and poorly fitted.

Samsung RAW

Samsung TIFF

Samsung JPEG

Source: Authors’ own study

Fig. 5. Samsung visual analysis

The models of the monument (Fig. 6) are rather suprising. The object created from
RAW does not exhibit major errors in geometry or fidelity of reproduction, and the
texture is sharp and correctly matched. However, the model made from TIFF has
significant errors in geometry, significantly increasing the fidelity of reproduction coef-
ficient. Consequently, the texture in this case has holes and blurriness. On the other
hand, there are no significant differences between the model based on JPEG and the
model based on RAW. There are sporadic topology errors, but they do not affect the
fidelity of reproduction coeficient in any considerable way. The texture is sharp and
contains a high level of detail.

7.2. Point cloud analysis

The final analysis involved a comparison of the dense point clouds of the monument
models. This was possible by embedding all clouds in the local coordinate system using
measured photopoints. Four comparisons were made: vertical cross-section of the cloud
divided by cameras (Fig. 7) and vertical cross-section divided by file types (Fig. 8).
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Samsung RAW

Samsung TIFF

Samsung JPEG

Source: Authors’ own study

Fig. 6. Samsung visual analysis

Canon RAW K DJIRAW i Samsung RAW

Canon TIFF — 01 TIFF Samsung TIFF

Canon JPEG DIIIPEG \ Samsung JPEG

Source: Authors’ own study

Fig. 7. Vertical cloud cross-section comparison by camera
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Canon JPEG ‘:{» Canon RAW )3 Canon TIFF
DJIJPEG DJIRAW s — )| TIFF

Samsung JPEG I Samsung RAW Samsung TIF}

Source: Authors’ own study

Fig. 8. Vertical cloud cross-section comparison by photo type

The vertical cross-section analysis showed uniformity and repeatability of measure-
ments with the Canon camera, with Samsung were second best, and the DJI performed
the worst. This is surprising given D]I’s higher resolution sensor. Notably, clouds made
from RAW files demonstrated great uniformity regardless of the camera model. RAW
files showed the highest repeatability, while TIFF and JPEG performed worse in this
regard.

8. Discussion

The results obtained from the measurements of two test objects and the creation of 18
models with identical parameterization of the work, clearly demonstrate the impact
of sensor resolution and photo format on subsequent processing [Gonzalez-Jorge et
al. 2015]. While the resolution issue seems obvious, the photo format aspect revealed
a significant advantage of RAW files over TIFF and JPEG files. Regardless of the
camera used, each test object was most accurately digitally reconstructed using RAW
files, preserving the most information about the object’s geometry, presenting high
fidelity of reproduction, and enabling precise texturing of the model later [Moussa
et al. 2013]. Additionally, a comparison of the point clouds of the models after fitting
to the local coordinate system demonstrated the greatest accuracy in both transverse
and vertical cross-sections using RAW format files. TIFF, a lossless format, ranked
second with results noticeably worse than RAW. JPEG files with lossy compression
were the least useful for precise photogrammetric measurements, cutting off a signifi-
cant portion of information. However, the results suggest that the JPEG format is best
suited for photogrammetric tasks that are repeated regularly and do not require high
precision, such as monitoring construction progress with 3D models, documenting
landscape changes, or creating quick overviews of large areas. Its smaller file size and
faster processing make it ideal for routine applications where efficiency is prioritized
over extreme detail. On the other hand, TIFF and RAW formats excel in tasks requir-
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ing millimeter-level accuracy, such as digital archiving of historical monuments or
precise engineering measurements, where preserving geometric fidelity and enabling
fine texturing are essential.

9. Summary

The comprehensive studies assessed the models created with different quality cameras
using three different photo formats - RAW digital negatives, lossless 16-bit TIFF files,
and 8-bit JPEGs with lossy compression. The images were developed in the three
formats, and 9 models were prepared for each object, totaling 18 photogrammetric
products. These objects were subjected to a multi-level analysis to evaluate the impact
of the photo format on the final quality. The results highlighted clear differences in
model quality depending on the photo format. The RAW format, despite requiring
more processing time, provided the best detail fidelity and the least geometric distor-
tions. These models also featured the highest quality textures and the smallest position-
ing errors. TIFF provided good results but had some limitations in detail reproduction
and greater geometric errors than RAW. JPEG was the least effective, introducing the
most distortions and artifacts, significantly lowering the final product quality. The study
also demonstrated the utility of various cameras for photogrammetric tasks, including
a mobile phone camera. Although initially unconventional, the smartphone camera
performed well. The studies showed that the choice of photo format is critical to the
quality of photogrammetric models. For the highest quality and accuracy, the RAW
format is preferred despite higher hardware and time requirements. The TIFF format
offers a compromise between quality and efficiency, while JPEG is best for projects
prioritizing processing speed and data size over precision [Luhmann et al. 2021, Fryer
et al. 2007, Remondino and El-Hakim 2006].
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