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Drishti and Amira – different visualizations exemplified 
by the early Cambrian Chengjiang arthropod 

Leanchoilia illecebrosa from China

Michel Schmidt, Roland R. Melzer, Huijuan Mai, Xianguang Hou, and Yu Liu 

ABSTRACT

Virtual paleontology plays a pivotal role in elucidating the morphology of ancient
arthropods. Since 2015, the open-source volume rendering software Drishti, has been
employed to uncover concealed morphological features preserved within fossils dating
back to the early Cambrian Chengjiang biota, approximately 518 million years old and
located in southwest China. Also another program, Amira, has emerged as a potent
tool for such investigations. In this study, we undertake a comparative analysis of both
programs to comprehensively assess their technical capabilities regarding visualization
modes and associated challenges. We selected the extensively studied megacheiran
arthropod, Leanchoilia illecebrosa, as a model species and demonstrated how various
rendering options, including volume rendering, surface rendering, and isosurface ren-
dering, can be implemented in each program. Furthermore, we showcased the visual
outcomes of specific operations such as slicing (utilizing clipping planes and ortho-
slices) as well as direct volumetric modifications (MOP carve and paint). Our findings
indicate that Drishti excels in volume visualization due to its ability to produce realistic
and organic graphical representations. In contrast, Amira offers rapid generation of
(iso)surface models, which can serve as meshes for subsequent 3D model-based
analyses. Both programs prove to be suitable for the analysis of pyritized fossils and
enable the depiction of diverse morphological visualizations. However, it is important to
note that each program possesses its own set of advantages and limitations. This com-
parative study aims to explore these characteristics and provide a valuable resource
for researchers in selecting the most appropriate tool for their specific scientific pur-
poses.
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INTRODUCTION

Virtual paleontology involves the study of fos-
sils through interactive digital visualizations and
employs non-invasive, non-destructive methods to
reveal the internal anatomical structures of fossils
(Garwood et al., 2010; Cunningham et al., 2014;
Sutton et al., 2014; Yin and Lu, 2019). Computed
tomography (CT), one of the techniques, has
proven to be an essential tool for examining mor-
phology and hidden structures, making it one of the
most used techniques in virtual paleontology for
analyzing suitable fossils (Sutton et al., 2014). 

In particular, the application of micro-com-
puted tomography (μCT), a specialized form of CT
designed for smaller objects, has significantly
advanced the understanding of the morphology of
numerous invertebrate fossils over the past decade
(Liu et al., 2015, 2016, 2020a, b, 2021; Chen et al.,
2019; Zhai et al., 2019a, b, c, 2022; Ou et al.,
2020; Jin et al., 2021; Schmidt et al., 2020, 2021a,
2022a, 2024; Zhang, M. et al., 2022; Zhang, X. et
al., 2022; O’Flynn et al., 2024). However, visualiz-
ing 3D volumetric data obtained from μCT scans
poses certain challenges, leading to the develop-
ment of various protocols for this purpose (e.g.,
Semple et al., 2019; Buser et al., 2020), which
have influenced the direction of virtual paleontol-
ogy (Sutton et al., 2014; Keklikoglou, 2019). A wide
range of open-source (e.g., SPIERS, IrfanView,

ParaView, ImageJ, 3DSlicer, Blender, MeshLab)
and commercial (e.g., VG Studio Max, Mimics,
Imaris, VoluMedics) software applications for 3D
visualization are available. Most of these programs
are well-equipped for image segmentation and ren-
dering both volume and surface models. The
selection of specific software often depends on fac-
tors such as the availability of programs at different
research institutions, the budget aspect, and first of
all the type of fossil preservation.

The renowned Chengjiang Lagerstätte, a
remarkable fossil site located in Southwest China
and dating back 518 million years, is recognized for
its exceptional fossil preservation (Gaines et al.,
2012; Hou et al., 2017). This extraordinary preser-
vation allows for detailed X-ray computed 3D stud-
ies in the realm of virtual paleontology (Liu et al.,
2015). Recent research has uncovered intricate 3D
structures within various arthropods from Chengji-
ang, which are vital for understanding their limb
morphology and evolutionary history (Zhao et al.,
2017; Chen et al., 2019; Zhai et al., 2019a, b,
2022; Liu et al., 2021; Schmidt et al., 2020, 2021a,
2022a, 2024; Zhang, M. et al., 2022; Zhang, X. et
al., 2022), as well as their ontogeny and ecological
roles (Liu et al., 2016, 2020a; Zhai et al., 2019c;
O’Flynn et al., 2024). Most of these investigations
have employed an open-source software called
Drishti, which consists of three components (Drishti
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Import, Drishti Paint, and the Drishti renderer) and
provides a variety of volume rendering techniques
and tools, enhancing the realistic and organic
appearance of scanned and volume-rendered
specimens (Limaye, 2012; Hu et al., 2020, 2024).

Amira (Thermo Fisher Scientific, 2018) is
another useful 3D visualization software for pro-
cessing μCT data (Stalling et al., 2005; Ruthen-
steiner, 2008). It has been utilized to uncover new
morphological characteristics in Cambrian arthro-
pods (Cheng et al., 2011), particularly concerning
Chengjiang arthropods (Liu et al., 2015; Schmidt et
al., 2020, 2021a). However, it is important to note
that this software is commercial, unlike Drishti. The
financial aspect should be considered when decid-
ing which program to use for μCT data analysis. 

This program has nonetheless established a
strong reputation in biological research
(Kudryashev et al., 2011, 2012; Meisslitzer-Rup-
pitsch et al., 2011) and has played a crucial role in
reconstructing the morphology of both living (Frase
and Richter, 2013; Jaszkowiak et al., 2015; Keiler
et al., 2015) and extinct species (Gunz et al., 2009;
Lukeneder et al., 2014), enabling the visualization
of both internal and external anatomical features.
Drishti and Amira are software applications specifi-
cally designed for the scientific visualization of vol-
umetric data. They transform two-dimensional
image data, such as TIFF files, into three-dimen-
sional volumes, which can then be manipulated
through cropping, slicing, painting, and converting
into surface models. It is important to note that
each program has its own unique advantages and
limitations. Our main goal is to provide an overview
of these differences, serving as a valuable
resource to help researchers choose the most suit-
able tool for their specific scientific needs. 

For our comparative approach on visualiza-
tion, we have selected the extensively studied
megacheiran arthropod, Leanchoilia illecebrosa
(Liu et al., 2007, 2014, 2016, 2020b, 2021), as our
model species. We employ this model to juxtapose
the various procedures involved in rendering, aim-
ing to delineate discrepancies in the visualization
outcomes achieved through the utilization of Drishti
and Amira, and we elucidate disparities in the
graphical outputs. Additionally, we outline the gen-
eral processing steps necessary for creating 3D
models of fossils from μCT data using Drishti, as
this software is more commonly used compared to
Amira in the μCT-based analysis of the ventral
morphology of arthropods from the Chengjiang
biota.

MATERIALS AND METHODS

Drishti (Limaye, 2012) and Amira (Thermo
Fisher Scientific, 2018) renderings are demon-
strated using two specimens of Leanchoilia illece-
brosa from the Chengjiang biota. These specimens
were obtained from the Yu´ anshan Member, Chi-
ungchussu Formation, Eoredlichia-Wutingaspis tri-
lobite biozone, Cambrian Series 2, Stage 3,
Yunnan Province, China, and are housed at the
Yunnan Key Laboratory for Palaeobiology in Kun-
ming, China. While Specimen YKLP 11422-arthro
has been previously documented in Liu et al.
(2020b), the other specimen, YKLP 11439-arthro,
is presented for the first time in this study. The μCT
scans of these specimens were conducted at the
Yunnan Key Laboratory for Palaeobiology, Kun-
ming, utilizing the Xradia 520 Versa system (Carl
Zeiss X-ray Microscopy, Pleasanton, USA). The
scanning parameters included a beam strength of
40 kV/3 w, a LE3 filter, and a resolution of 458 µm.
Volumetric data were stored in TIFF stacks.

We employed Drishti version 2.7 (https://
github.com/nci/drishti/releases) and Amira version
6.3 (https://www.thermofisher.com/de/de/home/
electron-microscopy/products/software-em-3d-vis/
amira-software.html) for our data processing. In
Drishti, the TIFF stacks were imported into Drishti
Import to produce a .pvl.nc file, which was subse-
quently loaded into Drishti renderer. The volumetric
data were processed in high-resolution mode, with
Transfer Functions optimized for the best visualiza-
tion properties. Segmentation of individual append-
ages was carried out after loading the .pvl.nc file
into Drishti Paint, employing various tools. The
exported files were reloaded into Drishti renderer
for visualization purposes.

In Amira, the TIFF stacks were directly
imported into the program’s main interface. For
specific tasks, the respective fields were linked to
the TIFF stack. Amira version 6 provides two dis-
tinct modules for volume visualization: the “Volren”
and the “Volume Rendering” modules, both of
which facilitate volume visualization. In this study,
we opted for the “Volren” module for volume ren-
dering.

To clarify the key technical terms in the con-
text of scientific data visualization, we provide the
following definitions (Thermo Fisher Scientific,
2018):
• Volume rendering (“Volren”): This term 

encompasses a range of techniques applied 
to 3D data sets (scalar fields) to project them 
as 2D projections.
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• Isosurface rendering: This method offers a 
rapid means of reconstructing polygonal sur-
face models of the entire object, enabling the 
analysis of arbitrary scalar fields sampled on 
distinct grids.

• Surface rendering: This process involves the 
manual or (semi-)automatic generation of 
mesh models for specific regions through seg-
mentation, using various tools (e.g., brush, 
lasso, magic wand, threshold, etc.)

• Segmentation: This refers to the assignment 
of labels to image voxels, aiding in the identifi-
cation and separation of objects within a 
three-dimensional image.

RESULTS AND DISCUSSION

Processing Features: a Comparison

In our examination of both Drishti and Amira,
we first highlight disparities in the processing pro-
cedures (Figure 1) before delving into a detailed
comparison of their respective visualization modes
and mesh reconstruction capabilities. 
Processing in Drishti. In the case of Drishti, volu-
metric data, which may include TIFF stacks or any
of the 13 supported volumetric data formats, is ini-
tially imported into the dedicated Drishti Import
module for conversion into .pvl.nc files (processed
volume files). In contrast, Amira permits the direct
import of volumetric data, either through a simple

drag-and-drop process or by importing the data
directly into the program. In both instances, speci-
fying the voxel size proves advantageous, although
this parameter can also be adjusted subsequently,
either in the crop editor (Amira) or in the settings
(Drishti).

Following this initial step, Drishti-generated
.pvl.nc files are further processed within the Drishti
renderer itself. This environment offers a range of
options, including morphological operations
(MOP), measurement tools, and the ability to
adjust clipping planes, among others. Notably,
these operations primarily pertain to work in vol-
ume rendering mode. The resultant surface trian-
gle-mesh formats can subsequently be exported
from the Drishti renderer in various file formats
(e.g., .ply or .stl files).

Conversely, in the Drishti Import, .pvl.nc files
generated earlier can be transferred to another dis-
tinct component within the Drishti software suite,
namely Drishti Paint. This specialized program
focuses on surface rendering and allows for the
segmentation of object regions in both 2D (xy, xz,
yz planes) and 3D (xyz). The segmented regions
can be exported as either .pvl.nc files (for re-import
into the Drishti renderer) or as mesh formats such
as .ply or .stl files, which can be further processed
in software applications like MeshLab, Blender,
Maya, or various other programs. 
Processing in Amira. Amira, functioning as a

FIGURE 1. Workflow for processing μCT data using Drishti and Amira.
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standalone program, provides analogous options,
albeit within a unified environment. Upon importing
volumetric data, users can select the project tab
and assign attributes to the data label field, such as
an isosurface label field. By adjusting threshold
values and considering options like compactifica-
tion and downsampling to reduce data size, one
can swiftly visualize the volumetric model as an
automatically surface-rendered model. An alterna-
tive approach for surface model visualization in
Amira involves the segmentation of regions of
interest, a task performed in the segmentation edi-
tor. These labels can subsequently be transformed
into surfaces and extracted as 3D objects
(meshes) in various file formats.

Furthermore, Amira extends the capability for
pure volume rendering, which can be accom-
plished in the project tab after assigning the
“Volren” label to the volumetric data label. Addi-
tional functionalities, such as orthoslices, measure-
ments, and various shaders, can be applied to the
volume rendering process.

Visualization Modes: a Comparison

Volumetric visualizations. Volume rendering
stands as a central feature within the Drishti
renderer. Upon importing the .pvl.nc files, derived
from the initial volumetric data processed in Drishti
Import, a critical task is to determine the optimal
transfer function, enabling a clear and accurate
depiction of the fossil (Figure 2A, B). The effective-
ness of this process hinges upon factors such as
the quality of the fossil specimen and the resolution
of the scanned object (Figure 2C, D). Thus, the
meticulous adjustment of transfer functions
assumes paramount importance when working
with Drishti, underscoring the significance of under-
standing the intricacies of the transfer function edi-
tor (Figure 2E).

In the plotting interface, six default points are
provided, collectively forming the “spine.” This
region’s size can be expanded or reduced by indi-
vidually dragging and dropping each point or by
manipulating all points simultaneously along the
horizontal axis (representing voxel intensity) or the
vertical axis (representing gradient magnitude).
The plotting interface is available in both 1D and
2D views, and all settings can be preserved, much
like in the gradient interface where color schemes
can be switched. These settings can be saved by
pressing ‘S’ while hovering over the interface and
later reactivated by pressing the space bar to
access the transfer function library. This procedural
step holds foundational importance, as it obviates

the need for iterative modification of transfer func-
tions to recreate a specific visualization aspect.

Volume rendering in Amira employs a distinct
approach. After importing the volumetric data into
the main window, the assignment of the “Volren”
label field to the data field is required, which in turn
generates a volume file. This volume file can be
visualized in four different modes, based on two
major approaches, namely Maximum Intensity Pro-
jection (MIP) and Texture-Based Volume Render-
ing (VRT).

The MIP volume rendering mode presents the
brightest data value along each ray of sight, in con-
trast to displaying the outcome of the emission
absorption model. It can be visualized in either an
inverted (Figure 2F, O) or a normal (Figure 2G, K)
orientation. On the other hand, the VRT mode, as a
texture-based volume rendering, offers various
shading options, including diffuse or specular,
alongside the standard one (Figure 2H, L). The dif-
fuse VRT mode (Figure 2I, M) employs a diffuse
light source, while the specular VRT option (Figure
2J, N) simulates a specular visualization of the
specimen. The latter closely resembles the presets
of Drishti’s volume rendering, resulting in a more
realistic appearance. However, as in Drishti, the
efficacy of these rendering modes is contingent
upon the quality of the fossil. In our example,
despite specimen YKLP 11439-arthro having a res-
olution of 458 µm, it fails to reveal extensive mor-
phological information in comparison to specimen
YKLP 11422-arthro. Altering the transfer function,
i.e., modifying the width and height of the spine, for
specimen YKLP 11439-arthro still does not yield a
similar visualization to that of specimen YKLP
11422-arthro. When encountering such challenges
during volume rendering, irrespective of the pro-
gram being used, it may be necessary to consider
rescanning the fossil with different settings or opt-
ing for a different specimen altogether. After all,
despite having sufficient experience, it is some-
times not immediately apparent from the outside
whether a fossil has enough morphological struc-
tures preserved inside to make qualitative state-
ments about the nature and composition of those
structures.

In a direct comparison of volume rendering
visualization methods between Drishti and Amira,
the MIP mode in Amira stands out as the swiftest
means for an initial comprehensive visualization of
fossils. By highlighting the brightest data value
along each ray of sight, it occasionally allows for an
almost transparent view of the fossil when
observed dorsally, unveiling the underlying ana-
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FIGURE 2. Volume renderings of Leanchoilia illecebrosa. A–B, Drishti volume renderings displaying specimen YKLP
11422-arthro both embedded in matrix (A) and without matrix but accompanied by surrounding noise (B), viewed dor-
sally. C, Transfer Function Editor. D-H, Amira volume renderings illustrating specimen YKLP 11422-arthro in inverted
MIP mode (D), regular MIP mode (E), VRT mode normal (F), VRT mode diffuse (G), and VRT mode specular (H),
viewed dorsally. I, J, Drishti volume renderings presenting specimen YKLP 11439-arthro using two distinct interfaces of
the transfer function editor in 2D (I) and 1D (J). K–O, Amira volume renderings displaying specimen YKLP 11439-
arthro in regular MIP mode (K), VRT mode normal (L), VRT mode diffuse (M), VRT mode specular (N), and inverted
MIP mode (O), viewed dorsally. Abbreviations: gm: gradient magnitude, gi: gradient interface, pi: plotting interface, sp:
spine. Abbreviatons: amir, Amira. dris. Scale bars equal 1 mm.



PALAEO-ELECTRONICA.ORG

7

tomical structures. In Drishti, the initial challenge
often lies in the precise determination of suitable
transfer functions, particularly when dealing with
pyritized fossils entwined with surrounding rock
matrices, a more intricate task than rendering fos-
silized bones devoid of such matrix. The superior
performance between MIP and VRT modes is also
contingent upon the quality of the fossil. In our illus-
trative cases, specimen YKLP 11422-arthro mani-
fests the most discernible features in MIP mode
(Figure 2F, G), while specimen YKLP 11439-arthro
delivers detailed outcomes in both MIP (Figure 2K,
O) and VRT specular (Figure 2N). In the case of
the latter specimen, we would recommend employ-
ing Amira over Drishti, especially when precision in
rendering morphological details is essential, as the
visualization process in Drishti often necessitates a
significant degree of “trial and error” to achieve the
optimal transfer function settings for clear depiction
of anatomical features (Figure 2C, D).
Cross-sections: clipping planes and ortho-
slices. Drishti and Amira both offer tools for con-
ducting cross-sectional examinations of volumetric
renderings, utilizing clipping planes in Drishti and
orthoslices in Amira (also known as the “Slice Mod-
ule” or “Oblique Slice” in earlier versions). These
tools allow users to explore fossils by projecting 2D
TIFF slices onto 3D datasets, enabling the isolation
of specific areas for detailed analysis.

While both tools share similarities, such as the
ability to slice through datasets and enhance visu-
alization, they differ in functionality. Drishti's clip-
ping planes are interactive and can be adjusted to
create various cuts, allowing for the simultaneous
use of multiple planes. In contrast, Amira's ortho-
slices are more static, aligned along the X, Y, and Z
axes, and primarily limited to these three main ori-
entations. Additionally, the user interfaces and con-
trol mechanisms for these features reflect the
distinct design choices of their developers.

In Drishti, users can activate clipping planes
by pressing “c” while hovering over the volume.
The axes are represented as the a-axis (orange),
b-axis (green), and c-axis (blue) (Figure 3A, B).
These planes segment the fossil into left and right,
anterior and posterior, as well as dorsal and ventral
sections. The default clipping plane typically corre-
sponds to the frontal plane, depending on the fos-
sil’s orientation. By hovering over the volume,
pressing the spacebar to access the command
window, and entering “rotateb 180,” a sagittal sec-
tion of the fossil can be obtained (Figure 3A, B).
This method, illustrated with specimen YKLP
11422-arthro, can provide valuable insights into the

structure and composition of the basal part of the
great appendage (Figure 3C, D). The clipping
plane can also be adjusted along the chosen axis,
and users have the option to freely rotate around
all axes to any extent. Furthermore, they can mod-
ify the “rotate” command by adding “-b” or “-c” to
the term “rotate” and specifying the desired angle
(for instance, the command “rotatec 60” rotates the
model by 60° around the c-axis).

Orthoslices in Amira can be generated by
assigning the orthoslice field to the volumetric data
file within the project tab. These slices are repre-
sented by three axes: xy, xz, and yz. Users can
observe the orthoslices within the volume render-
ing and utilize them alongside isosurfaces (Figure
3E-J). Isosurfaces are quickly generated polygonal
surface models that allow viewers to adjust the
threshold, resulting in a variable number of trian-
gles to enhance the presentation of fossils. When
the goal is to visualize basic polygonal surface
models, isosurface reconstructions offer a more
straightforward method compared to segmentation
(as shown below). By allocating volumetric data to
the model, users can select specific TIFF slices for
future reference. Amira provides various graphical
modes, such as rendering TIFF slices transparent
(transalpha), which can either display the anterior
part (Figure 3G) or exclude it (Figure 3H), allowing
users to focus on internal structures. Alternatively,
the TIFF slice can be shown in parallel (transbi-
nary; Figure 3I, J). In Amira, orthoslices maintain
their perpendicular and horizontal orientation, as
suggested by their name. While multiple xy-ortho-
slices can be applied to the model, their orientation
relative to the world center of coordinates remains
fixed and cannot be altered. However, users can
utilize alternative non-orthogonal slices by select-
ing a different field for assignment to the volume.

In summary, both Clipping Planes in Drishti
and Orthoslices in Amira aid users in the detailed
exploration of 3D datasets. However, they offer dis-
tinct functionalities and operational characteristics
that cater to varying user needs and preferences in
visualizing complex data.
Carving: MOP and volume edit. In both pro-
grams, it is possible to carve within the object and
isolate elements. In Drishti, this feature is available
in the “Morphological Operation” module through
the “MOP carve” function. In Amira, this can be
done using the “Volume Edit” module.

Drishti provides unique features for compre-
hensive volume rendering exploration, including
two main capabilities: direct carving within the volu-
metric model to isolate and segment specific struc-
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tures, and the ability to apply various colors directly
onto the volumetric model to highlight areas of
interest (Figure 4). Both functionalities are
accessed via the morphological operation com-
mand (MOP).

To initiate a MOP in Drishti, users must hover
over the volumetric model and press the spacebar
to open the command window. First, the viewer
should input “mop update off” (Figure 4A). After
that, users can start painting by using the com-

FIGURE 3. Clipping planes and orthoslices in Leanchoilia illecebrosa. A–D, Drishti volume renderings depicting spec-
imen YKLP 11422-arthro with adjusted clipping planes in dorsal view (A), ventral view (B), medial view (C), along with
axis labels, and a close-up of (C) displaying the sagittal section through the left short-great appendage (D). E, Amira
isosurface model of specimen YKLP 11422-arthro, dorsal view. F–J, Amira isosurface models of specimen YKLP
11439-arthro with various orthoslice configurations (G–J). G, orthoslice xy TIFF slice N° 135 in a transparent setting
(transalpha) with the anterior head part visible. H, orthoslice xy TIFF slice N° 135 in a transparent setting (transalpha)
with the anterior head part removed. I, orthoslice xy TIFF slice N° 135 in a non-transparent setting (transbinary) with
the anterior head part visible. J, orthoslice xy TIFF slice N° 135 in a non-transparent setting (transbinary) with the ante-
rior head part removed. Abbreviatons: amir, Amira. dris. Scale bars equal 1 mm.
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mand “MOP paint” in combination with the Shift key
and left-click (Figure 4B). The colors and the radius
of the painting area can be adjusted using the
arrow keys, and this feature can also be integrated
with clipping planes (Figure 4C). The “MOP carve”
command enables users to remove specific mor-
phological areas from the entire volume model
(Figure 4D). Users can modify the settings using
the arrow keys. A practical method for eliminating
unwanted backscattering and non-fossil objects in
the scan is to combine clipping planes with the
“MOP carve” function (Figure 4E). Any actions
taken in “MOP paint” and “MOP carve” can be
reversed by pressing Shift and right-click.

In contrast, Amira provides comparable func-
tionalities through its “Volume Edit” module when
utilized with “Volren,” which operates similarly to
Drishti'’ carving tool (MOP carve). The “Volume
Edit” module in Amira version 6.3 is a robust tool

designed for advanced manipulation and analysis
of volumetric data. It enables users to perform
tasks such as segmentation, filtering, and morpho-
logical edits to isolate features. This module sup-
ports a non-destructive workflow, allowing users to
experiment with edits without permanently modify-
ing the original dataset. The integration with the
“Volren” rendering engine enhances visualization,
producing high-quality representations of the
edited volumes. Users can export their modifica-
tions as separate TIFF stacks, making it easy to
share and conduct further analysis while minimiz-
ing background scattering for better clarity. Addi-
tionally, the module includes tools for adjusting
opacity and color mapping, which facilitate more
informative visualizations that emphasize specific
features within the data.
Measurements. Both Drishti and Amira offer mea-
surement capabilities, contingent upon the

FIGURE 4. Morphological Operations (MOP) in Drishti for application to volume renderings of Leanchoilia illecebrosa
specimen YKLP 11422-arthro. A, depiction of the head and first trunk segments with an opened command line, viewed
from the ventral perspective. B–E, implementation of various MOP techniques in conjunction with clipping planes on
the basal section of the left short-great appendage. B, MOP paint. C, MOP paint in combination with a clipping plane.
D, MOP carve. E, MOP carve in conjunction with a clipping plane. Not to scale.
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assigned voxel size. In Amira, the voxel size must
be specified during the initial upload of volumetric
data but can subsequently be adjusted. In Drishti,
voxel size settings can be modified within the
Drishti renderer. However, a significant divergence
exists between the two programs regarding mea-
surement capabilities. Notably, in Amira, measure-
ments cannot be performed within the volume
rendering itself. To facilitate measurements, it is
imperative to have at least a generated isosurface
model as a reference. Distances can be calculated
by selecting regions of interest on the segmenta-
tion-based surface model or the isosurface model,
utilizing the 3D ruler tab. It is crucial to configure
the view to orthographic mode rather than perspec-
tive before conducting measurements in Amira. In
contrast, Drishti permits measurements to be con-
ducted directly within the volume rendering inter-
face. To perform measurements, the viewer
creates two points, presses the spacebar, and
enters “path.” Subsequently, the distance in the
specified unit (e.g., micron) is displayed when hov-
ering over the line connecting the two points.

Segmentation and Surface Reconstruction: a 
Comparison

Segmentation in 2-dimensional planes (xy, xz,
yz). In addition to their volume rendering capabili-
ties, both programs offer features for segmentation
and the extraction of regions of interest. Drishti uti-
lizes a separate program called Drishti Paint for
segmentation, where users can upload the .pvl.nc
files generated in Drishti Import. Two-dimensional
image segmentation is achieved through a process
referred to as “tagging” (Figure 5A–K). Tagging
involves directly painting slices of the volumetric
data in all three interfaces (xy, xz, yz). A palette of
255 color tags is available, with the final one desig-
nated as the “trash tag,” used for deleting mark-
ings. Tagging is conveniently executed by hovering
over the region of interest and left clicking (Figure
5A). These marked areas can also be overwritten
with a different color tag (Figure 5B), and the
selected color tag can be confirmed by pressing
“P,” slightly darkening the color (Figure 5C). How-
ever, after confirmation, neither can the color tag
be deleted using standard commands like “esc” or
“delete,” nor can the region be overpainted with
another color tag (Figure 5D). To erase a color-
marked area, the user needs to overpaint it with tag
255, the “trash tag” (Figure 5E). After confirming
the “trash tag” by pressing “P” (Figure 5F), the user
can delete the entire area marked with the “trash
tag” by pressing “delete” or “esc” (Figure 5G),

enabling the commencement of a new painting
with another color tag (Figure 5H). The “trash tag”
is especially valuable when the user encounters
situations involving the overlapping of two distinct
structures that require different color tags (Figure
5I). In this scenario, the “trash tag” can be applied
to the overlapped region by pressing Shift + left-
click (Figure 5J), after which the “trash tag” can be
deleted (Figure 5K).

Segmentation in Amira follows a different
approach. Users can perform segmentation using
the segmentation editor and the multi-planar
viewer. Amira employs “labels” and “label fields”
instead of color tags, offering greater flexibility in
color selection, and allowing for the deletion of
label fields when a specific color is no longer
desired. This flexibility is advantageous, as in
Drishti, applied and confirmed color tags cannot be
changed to a different color. Amira provides sev-
eral tools for painting and segmenting areas of
interest within the 2D data slices (xy, xz, yz
planes). The “brush tool,” like color tagging in
Drishti, enables users to directly paint individual
voxels. The “magic wand” tool allows users to
select all voxels with the same grey values within a
predefined area, thereby performing a region-
growing operation. The “lasso” tool permits users
to draw a line around specific fields of interest and
mark them by creating a closed contour curve. The
“threshold tool” is the quickest and most used tool
when rapid and comprehensive segmentations are
required. It selects voxels through threshold seg-
mentation by specifying minimum and maximum
image intensity (Figure 5L–Q). Ultimately, the label
field containing all voxel information can be used
for surface reconstruction in the main window (Fig-
ure 5R). Users can create a new label field for
every color or area of interest within the slices, and
all label fields can be used for surface generation.
This essential feature has also been incorporated
into Drishti since version 2.7, enhancing the intu-
itiveness and speed of segmentation in Drishti
Paint (for a comprehensive understanding, see Hu
et al., 2020).

One of the most user-friendly and intuitive fea-
tures in Drishti is the ability to directly paint onto the
3D volume within the volume interface using Drishti
Paint (Figure 6A). In contrast, this feature is absent
in Amira, where the 3D volume window is provided
alongside the three slice interfaces (xy, xz, yz), but
without any additional segmentation capabilities. In
Drishti, users can tag the volume's surface with a
simple left-click (Figure 6B) and confirm the color
by pressing “F” (Figure 6C). These tagged regions,
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both collectively and individually, can then be
extracted as .pvl.nc files and re-imported into the
Drishti Renderer, resulting in a cleaned-up version
of the fossil (Figure 6D). This process greatly
enhances the visualization of areas that were pre-

viously challenging to examine due to background
scattering (Figure 6E).

The entire 3D segmentation process in Drishti
Paint is reminiscent of the use of the threshold and
magic wand tools in Amira to select interconnected
regions. However, as previously mentioned, these

FIGURE 5. 2D Segmentation processes of Leanchoilia illecebrosa specimen YKLP 11439-arthro. A–K, color tag
usage in Drishti Paint. A, application of the initial color tag to the 2D slice through a left-click. B, subsequent over-
painting with a different color tag. C, confirmation of a color tag by pressing P. D, post-confirmation, the 'esc' or
'delete' commands become non-functional. Instead, pressing 'esc' after 'P' merely resets the confirmation. Deletion of
this color tag becomes impossible, and overpainting is not an option. E, resolution: overpainting with a 'trash tag' (i.e.,
color tag 255). F, confirmation of the 'trash tag' by pressing P. G, deletion of the 'trash tag' by pressing 'esc.' H, com-
mencement of a new painting. I–K, challenge associated with overpainting. I, overpainting of two distinct areas. J,
usage of 'shift + left click' to apply the 'trash tag' to the overpainted region. K, successful deletion of the 'trash tag.' L–
Q, 2D segmentation in Amira Segmentation Editor. L, yz TIFF N° 445. M, region following the application of the
threshold function. N, adjustment of the threshold to the region of interest. O, utilization of the magic wand for select-
ing the region of interest. P, application of a new color label to the selected region. Q, resulting red color label. R, gen-
eration of a surface model based on the red color label. Abbreviatons: amir, Amira. dris, Drishti. Not to scale.
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tools are limited to 2D segmentation in Amira. In
Drishti, similar outcomes can be achieved through
the “F” confirmation of color tags applied to a
region, which segments everything connected to it.
This can also be extracted as a new .pvl.nc file.
Another tool, introduced in Drishti 2.7 (Hu et al.,
2020), is the gradient threshold function. This
thresholding tool encompasses three different gra-

dient types and selects everything with the same
voxel parameters. 

In the first case, it’s essential to ensure that
certain areas with no connection to the tagged and
confirmed region are also tagged (for example, a
biramous appendage). In the second case, one
must ensure that only regions of interest of the fos-
sil itself are selected through thresholding, exclud-

FIGURE 6. 3D Segmentation in Leanchoilia illecebrosa specimen YKLP 11422-arthro. A–C, 3D segmentation within
the volume interface of Drishti Paint (A), close-up of the anterior section of the animal while applying color tags to the
entire specimen via left click (B), and confirmation of tagging everything in contact with the selected area by pressing
F (C). D, volume rendering after extracting the tagged region in (C) in Drishti Paint and re-importing it into the Drishti
renderer. E, frontal view showing the composition and organization of the short-great appendages beneath the head
shield, now visible without surrounding noise and scattering. F, G, sketch pad mode: selecting a specific area (Shift +
left click) in the 3D volume model in Drishti Paint by drawing a line (F) and tagging the selected region by pressing T
(G). H, I, separating favorite regions by applying different color tags to the 3D volume model in Drishti Paint. J, K, color
tagging the left and right short-great appendages (J) and extracting them (K), viewed from the ventral aspect. L, re-
importing the extracted short-great appendages into the Drishti renderer, viewed from the dorsal aspect.
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ing background scattering with similar voxel
parameters.

Furthermore, Drishti Paint allows users to
segment specific regions of interest by drawing
lines using the sketch pad mode (with Shift + left-
click to draw and “esc” to delete the line). This fea-
ture is particularly valuable when, as shown in Fig-
ure 6F, G, only specific appendicular details need
to be highlighted and tagged. Regularly painting
these regions with a left-click would be more time-
consuming. In Amira, a similar function to the
sketch pad is the previously mentioned lasso tool.
This tool is a quick way to select regions of interest
by drawing a line around them, but it is not as
straightforward when applied to the 3D model com-
pared to other segmentation options. Nevertheless,
in some cases, such as the need to quickly cut out
regions in 3D (e.g., segmented objects not belong-
ing to the fossil), the lasso tool is more efficient
than deselecting areas in 2D.

Moreover, Drishti Paint allows for segmenta-
tion of the 3D volumetric file using different color
tags to separate structures from one another (Fig-
ure 6H–K). Ultimately, these tagged regions can be
extracted and re-imported into the Drishti renderer,
revealing hidden morphological details of previ-
ously obscured body parts (Figure 6L).

Both programs are capable of calculating and
extracting surfaces from the given volume. While
this all occurs within a single program in Amira, it is
distributed across two programs in Drishti: the
Drishti renderer and Drishti Paint.

In Drishti, the primary emphasis lies on work-
ing with volumes in the Drishti renderer program.
The other program, Drishti Paint, allows users to
segment data, as discussed earlier, to eliminate
background noise that does not pertain to the fossil
Subsequently, the segmented regions can be
exported as pvl.nc files and re-imported into the
Drishti renderer. In both the Drishti renderer and
Drishti Paint, users have the capability to generate
meshes as surfaces and export them as .ply or .stl-
files. The most notable advantage of mesh genera-
tion in Drishti, compared to this process in Amira, is
as follows: in cases where a fossil lacks preserved
original structures, while, for instance, only a cavity
remains without any organic or inorganic material,
the ability to view and represent these fossils is
restricted to volume rendering mode. In contrast,
Drishti offers the unique capability to directly trans-
form pure volume information into surface informa-
tion. This stands in contrast to Amira, where this
transformation is contingent upon segmentation.

Amira offers two primary methods for surface
modeling. Firstly, users can create isosurface mod-
els (see Figure 3E–J), which can be a relatively
rapid process depending on the data volume. This
results in the extraction of a surface from the vol-
ume, with the ability to adjust mesh density and
resolution. Amira also provides the capability to
measure morphological structures on these mod-
els, a feature not available when exclusively using
pure volume rendering. The alternative, although
somewhat time-consuming, method for obtaining a
complete or partial surface model of a specific
object involves image segmentation, as in the
aforementioned chapter. In the segmentation edi-
tor, the viewer can segment slice by slice or across
multiple slices using the interpolation function. Iso-
surface modeling offers time savings, creating sur-
faces with a consistent thickness, ultimately
leading to a more accurate and unbiased surface
reconstruction when compared to manually adding
layers during surface modeling based on image
segmentation.

Surface rendering in Amira provides a sub-
stantial advantage when working with μCT data
from Chengjiang fossils. Extracted surfaces can be
seamlessly integrated into a variety of software
applications, including Blender (www.blender.org)
and Autodesk Maya (www.autodesk.com/products/
maya/over-view), for advanced post-processing
tasks such as modeling (Garwood & Dunlop, 2014)
and kinematic studies (Schmidt et al., 2021b,
2022b).

CONCLUSIONS

In recent years, numerous Chengjiang euar-
thropods have undergone visualization using
Drishti, shedding light on various aspects of their
anatomy. These aspects include their precise ven-
tral features (Chen et al., 2019; Zhang, M. et al.,
2022; Zhang, X. et al., 2022; Schmidt et al., 2024),
unique post-antennular appendage organization
(Zhai et al., 2019a, b, c, 2021; Liu et al., 2021;
Schmidt et al., 2021a; O‘Flynn et al., 2024), mouth
part characteristics (Liu et al., 2020b), and even
brood care features (Ou et al., 2020). More
recently, Amira has also contributed to a compre-
hensive understanding of their morphology
(Schmidt et al., 2020, 2021a). Among the species
of interest, Leanchoilia illecebrosa stands out as
one of the best-studied arthropods of the Chengji-
ang biota (Hou and Bergström, 1997; Hou et al.,
2017). The entire family Leanchoiliidae has a long
history of paleontological research (Briggs and Col-
lins 1999; Chen et al., 2004; Liu et al., 2007; Haug
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et al., 2012). Its remarkable abundance in the Chi-
nese fossil record and exceptional state of preser-
vation makes it an exemplary case for the
application of virtual paleontology techniques.
These techniques are instrumental in exploring
ontogenetic patterns (Liu et al., 2016) and ances-
tral euarthropod appendage organization (Liu et
al., 2021). While specimen YKLP 11439-arthro has
yet to be published, specimen YKLP 11422-arthro
was previously examined in Liu et al. (2020b), with
a particular focus on the organization of its labrum.

We have presented different visualization
modes for both specimens using two distinct soft-
ware programs and have discussed the potential
for further processing μCT-based volumetric data.
Both Amira and Drishti offer powerful tools for
exploring μCT-generated volume models. When a
quick overview of the scanned specimen’s volume
or a general surface representation is sufficient,
using volume or isosurface renderings in Amira is
more convenient. This is because finding the opti-
mal transfer function in Drishti can often be a time-
consuming process. However, Drishti’s unique fea-
tures include producing organic-looking and highly
malleable 3D volumes through painting and carv-
ing. Cleaned-up volume models in Drishti,
achieved via the morphological operation MOP
carve within the Drishti renderer or segmentation in
Drishti Paint, can provide clearer perspectives on
the fossil, particularly in cases where background
scattering was previously problematic. The use of
clipping planes in Drishti can unveil hidden internal
structures, while Amira’s orthoslices aligned with

data slices can highlight different aspects of inter-
est.

Considering the advantages of both pro-
grams, we find that general volume models of
entire species are best rendered and created with
Drishti due to its remarkable flexibility and the real-
istic and organic appearance of its volumes. For
detailed information on specific structures, Amira's
volume models may be worth considering, depend-
ing on the fossil's quality of preservation. Drishti
offers an array of volume exploration modes and
represents the superior choice for volumetric
model visualizations. Amira may be preferred if
quick (iso-) surface models for further mesh pro-
cessing (Blender, Maya, etc.) are needed. Ulti-
mately, both programs offer high-quality
visualization capabilities, and the choice between
them may be influenced by personal preferences,
experience with the software, and budget consider-
ations, as Amira is a commercial product, while
Drishti is open source.
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