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A B S T R A C T

MIST4Cores automates the entire workflow of image stitching for camera-based digitization systems. The soft
ware provides reliable stitching with customizable settings and directory monitoring, using overlap analysis and 
a proven method for scientific stitching. Each module in the software contributes to a robust, reproducible, and 
user-friendly image stitching. The combination of free open software tools for image acquisition, image stitching, 
and image analysis creates an open-source ecosystem to promote further dendrochronological research.

1. Introduction

Current developments on sample digitization are pushing dendro
chronology into the digital imaging world. Flatbed scanners are wide
spread at many dendrochronological laboratories as affordable and 
easy-to-use systems for sample digitization. However, the limited reso
lution and pixel aberrations (e.g., smearing or blooming effects) of 
flatbed scanners still necessitate high dependency on the re-examination 
of the physical sample during the dendrochronological analysis. Recent 
methodologies for digitization with camera-based systems reach great 
levels of resolution and pixel quality, effectively incorporating dendro
chronology into the digital world (García-Hidalgo et al., 2022, Griffin 
et al., 2021, WSL, 2023).

Image capturing with digital cameras also entails certain challenges. 
Unlike flatbed scanners, which generate a unique image for the whole 
sample, camera-based systems capture one image per shot. This requires 
a consequent stitching (i.e., mosaicking) to generate a single image for 
the whole sample, which is commonly created through software devel
oped for non-scientific purposes.

General-purpose software tools for stitching, e.g., PTGui (New House 
Int. Serv. Rotterdam, The Netherlands), Photoshop (Adobe Inc. San Jose, 
CA, USA) or Image Composite Editor (Microsoft research, Redmond, 
WA, USA), are designed primarily for landscape panoramas, where 
varying camera angles to the object of interest are expected. Further
more, stitching methods intended for general consumer use often alter 
individual pixel characteristics (e.g., value or bit depth) to optimize 
visual appearance rather the strict fidelity to the original single images. 

In the common usage of stitching methods, some processes as lens 
distortion corrections are automatically applied to reduce optical arti
facts (Adobe Inc., 2025). However, different smoothing or enhancement 
filters or complete image resizing could also be applied by default, in 
many cases even beyond the users’ control, which could carry to loss of 
image integrity. The use of this general stitching software, therefore, 
requires several control steps to reduce artifact occurrences in the image 
and to improve the reliability of the whole digitized image for scientific 
applications (García-Hidalgo and Sangüesa-Barreda, 2025).

The generation of panorama images (e.g., Whole Slide Images) from 
individual shots is also a recurrent problem in different scientific areas 
(Kumar et al., 2020). Opposite to the case of generalist stitching 
methods, reliability and replicability of results from the sample to the 
panorama output image are critical. In fact, open-source community has 
explored diverse reliable stitching solutions promoting user interaction 
and fidelity control about the entire process (Mohammadi et al., 2024). 
These methods are usually focused on microscopic slides which main
tain uniform focal distance and fixed displacement across single images.

Here we introduce MIST4Cores, an open-source tool designed to 
stitch sequential macroscopic images of tree-ring cores acquired through 
camera-based systems. MIST4Cores automates image stitching through 
an easy-to-use graphical interface, and its batch processing substantially 
reduces time and effort for image generation. The software ensures 
traceability and reliability with a log file for each stitched image.
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2. Application description

MIST4Cores automates the stitching of macroscopic images using a 
combination of software methods in just a one-task tool. In a first step, 
OpenCV (Bradski and Kaehler, 2000) automatically detects the over
lapping percentage in consecutive images. Afterwards, MIST (Chalfoun 
et al., 2017) is responsible to stitch the pairs of consecutive images 
through a background process within the Fiji/ImageJ environment 
(Schindelin et al., 2012). In a third step, the fully stitched image is 
exported according to user requirements. MIST4Cores is written in Py
thon (van Rossum and Drake, 2009). Finally, the software is also 
compiled as an executable for its use for only-users. The main steps in 
the pipeline and the role of each function are outlined below:

3. Computing environment

During the first run of the software, MIST4Cores configures system 
dependencies and prompts the user to specify the Fiji/ImageJ installa
tion path, the source directory of single images (the monitoring folder), 
and the desired output directory and format: TIFF or OME-TIFF (Linkert 
et al., 2010), Fig. 1. The software groups images according to their 
parent folder structure, enabling an organized workflow. Users may also 
define available RAM, estimated DPI to include in the metadata of the 
resulting image. These values are saved for future sessions in the 
configuration file. This file collects also the stitching settings for MIST (e. 
g. file pattern, input image path, output image path) which can be 
customized by the user, see Supplementary materials for a detailed 
description.

4. Processing

MIST4Cores monitors user-specified directories for either pre- 
existing or newly created image folders which are then queued for 
processing. Within each folder, MIST4Cores identifies and sorts images 
matching the expected filename pattern, ensuring only files of interest 
are processed.

4.1. Overlap determination

The software estimates pairwise overlaps using feature-based image 
registration (ORB keypoints and homography in OpenCV), generating 
the parameters required for MIST stitching.

4.2. Stitching execution and output

The MIST plugin in Fiji then assembles the composite image using 
calculated overlaps and user-defined settings. Output images are pro
duced in TIFF and/or OME-TIFF format, with the estimated DPI included 
metadata. The spatial calibration of the image is compulsory in the 
subsequent analysis, this value is saved only to prevent possible crashes 
with analysis software (e.g. CooRecorder®) but it is not the real value.

4.3. Logging and reporting

Each processing run is documented with a summary log and meta
data summaries, recording processing outcomes, image lists, overlap 
metrics, and run configurations for transparency and reproducibility of 
the entire stitching process.

All this pipeline is run in the backend, so the OpenCV or Fiji/ImageJ 
based methods are automatically managed and do not require any 
interaction by the user. The user is informed via terminal window to 
track the complete batching process in real time, in addition to the 
logging and reporting files generated at the end of each stitching 
process.

5. Sample and source images

To maintain focus distance across the entire sample length, a totally 
flat surface is required for MIST4Cores adequate operation. A pre- 
processing step is thus critical to reduce variations of focal distance 
among single images. To ensure a flat surface, a precise sanding or 
horizontal cutting across the entire surface is required. This guarantees 
that the basal mounting face and the surface of the core are completely 
parallel. For the initial core preparation, either a drum sander machine 
(also known as a calibrating polishing machine and commonly used in 
woodworking) or a cut with a microtome is essential. Successive finer 
grain polishing can be done with manual or mechanical alternatives, 
since it has little effect on surface depth.

MIST4Cores depends on established open-source tools for image 
processing (OpenCV) and scientific research (MIST), ensuring the fi
delity among pixel values from sequential images for the stitching pro
cess. However, certain limitations appear in the longitudinal borders 
due to inherent methodological limitations of lens distortions and 
ambiguous correlations (Ghosh, Kaabouch, 2016). In areas near the top 
or bottom edges of the image, the number of pixels in common between 
two consecutive images is reduced and, therefore, the stitching may 

Fig. 1. Configuration window of MIST4Cores.
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suffer from slight blurring or displacement. To reduce the concomitant 
ghosting and border artifacts in image stitching we highly recommend 
adapting the field of view in the shooting process.

6. Comparison with PTGui stitching

We compared the use of MIST4Cores with PTGui (New House Int. 
Serv. Rotterdam, The Netherlands), the dominant stitching software in 
dendrochronology, for the entire stitching process in 10 complete cores 
digitized with CaptuRING (García-Hidalgo et al., 2022) at 3.7 µm/px. 
We followed the standard guide by von Arx (2017) in sequential 
stitching in PTGui as a reference.

MIST4Cores operates in a fully continuous workflow, completing the 
entire stitching process in 14 min and 2 s. This included user interven
tion at program launching (43 s), automatic stitching process (10 min 
11 s), and again user intervention at image checking (3 min 9 s). PTGui 
required 28 min and 47 s to complete stitching and needed user inter
vention at multiple intermediate steps. Thus, MIST4Cores performed 
faster and with a substantially lower demand for the user. Additionally, 
MIST4Cores produced linear images without curvature, whereas this 
misalignment was detected in PTGui outputs. While manual adjustment 
of control points could resolve this issue, the process would demand 
considerable user intervention. All tests were performed on an Intel® 
Core™ i7–7700 CPU at 3.60 GHz with 24 GB of RAM.

7. Computing requirements

MIST4Cores operates via the Java Virtual Machine (JVM), where 
users can specify the maximum RAM allocation. For stable performance, 
allocating approximately half of the system’s RAM to the JVM is rec
ommended. Systems with at least 32 GB of RAM are ideal, especially 
when running no other intensive applications.
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Appendix A. Supporting information

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.dendro.2026.126496.

Data Availability

Application code/data and compiled release are available at Gui
tHub, Supplementary materials with comparison recording in Zenodo. 
Data of stitching comparison is available under reasonable request.
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