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Abstract— In this paper, we propose a visualization framework for 

mouse anatomical cardinal planes and axes by extending an open-

source platform called "3DTracker-FAB" and demonstrate its 

capability towards augmentation. Previously, the 3DTracker-FAB 

was only able to determine the mouse anatomical model, showing 

its head, neck, trunk, hip, and nose. We enhance the software to 

include body axes and planes of the subject in relation to its 

anatomical model. This work will help scientist working with 

animals since anatomical axis and planes are used for describing 

motion, and anatomical location.  

Keywords– Anatomical axis; cardinal planes; mouse behavior 

analysis. 

I.  INTRODUCTION 

Markerless motion capture systems for living animals and 
humans have become a very useful tool for behavior analysis 
and healthcare applications. This type of system provides non-
invasive tests on the subjects maintaining lesser effect on the 
animals natural and social behavior. With the availability of 
high-resolution cameras and low-cost depth sensing devices, 
markerless systems have been developing and gaining direction 
towards automation and augmentation. Experiments where the 
aim is to understand behavioral activities of the animal, usually 
involve precise subject's information such as body orientation 
and its locomotion, which can be inferred from the anatomical 
planes and axes. Markerless camera systems have recently been 
integrated into these types of modeling tests for animals such as 
monkeys and rats [1][2][8]. There are several environments - in 
a home cage or box or in the wild, where behavioral observations 
are conducted and measured. Instead of subjective observation, 
most of these experiments are better evaluated objectively by 
using computer-assisted tools and computer-generated models. 
In addition, locomotor assessment is also best described in 3D 
rather than 2D alone. Hence, animal models have been 
introduced to represent output analysis on a three-dimensional 
markerless motion capture system. In this way, researchers and 
neuroscientists will be able to gather more objective information 
in a lesser amount of time with the help of computational models 
[3][5].  

Animal behavior analysis are frequently treated and 
conducted in a controlled environment while securing that the 
natural behavior of the animals is initially undisturbed. In order 
to capture and evaluate the subjects' behavioral changes, systems 
without optical markers are more preferred than the marker-

based systems, which are hard to set-up and quite expensive. 
Marker-based systems to analyze animal behaviors often induce 
acrophobia or change in the naturalistic behavior of the subject. 
Such systems are not suitable to discover and study the 
differences of motor activity and stress-related actions exhibited 
by the subjects, most especially for rats and mice, whose 
movements are very fast. One example of the tests done to 
understand the behavioral changes on rodents is the open-field 
test, wherein the subjects are observed on freely moving state. 
This kind of test is a necessary procedure on genetic and 
neuroscience research. Recent studies have proposed to integrate 
3D mice tracking approaches to the open-field test in order to 
capture locomotion of not only individual subject [7] but also for 
social interaction [6]. The works of Unger [9] and Wiltschko 
[10] emphasize that 3D visualization helps as a tool to quantify 
objectively rodent behavior with the leverage of generative 
models and algorithms for tracking.  

Although there exist several systems that aim to track and 
evaluate the movements and social behaviors of the mouse as in 
[3][4][7], in the best of our knowledge there is no system that 
has the capability to visualize the cardinal planes and axis. The 
anatomical planes are the basis for dividing the anatomical 
subject into symmetrical parts. Any movement parallel to each 
plane describes a specific oriented motion either in the front, 
back, side, top, and bottom movements. The effect of individual 
joint motions will occur not only in one plane but all in three 
anatomical planes. Hence, it is essential to check on and 
visualize the cardinal planes. For instance, during standing, the 
upper limb movements cause changes in the rotation along the 
transverse plane, flexion/extension on sagittal, and limb raising 
along the frontal view.  

II. METHODOLOGY 

Our work proposes the extension on a recently opened and 

publicly available rodent tracking software called 3DTracker-

FAB [12]. Section A discusses the capabilities of the open-

source platform that we built upon. Section B presents the 

assumptions and descriptions of the anatomical cardinal planes 

being included to the previous system. 

A. 3DTracker-FAB  

3DTracker-FAB employs multiple depth cameras to observe 

the animals in a square-field box arena. A sample dataset is 



accessible on the 3DTracker-FAB webpage, which contains 

three-dimensional point cloud information for a 170-second 

male rodent’s interaction. The 3D video was recorded from four 

different Intel RealSense Camera R200 depth sensors, situated 

in each face of the box. Each frame represents three-dimensional 

point cloud data, where the model will be fitted upon. The fitting 

scheme is based on simulating movements of physical entities 

such as spheres constrained by several types of forces.  

 

Figure 1. Concept of the position estimation algorithm. The position of body 

parts is denoted with the cross mark. The hull of the mouse is represented by 

the gray squares. The mouse skeleton is denoted in red. Left: before fitting. 
Right: after coverage. Adapted with permission from “A 3D-Video-Based 

Computerized Analysis of Social and Sexual Interactions in Rats,” p. 4. [3]. 

doi:10.1371/journal.pone.0078460.g002 
 

The spheres representing body features move in accordance to 
the hull-base getting algorithms formulated in (1) and (2). 
Several types of forces are acting on the body model of the 
mouse. Attraction force evokes the model into the hull points 
and repulsive force retains the model inside the hull so that the 
model will not get away from the 3D points. These vectors 
forces applied to each body part 𝐵 are implemented using the 
following equations of 𝑓𝑎 and 𝑓𝑟 respectively.  

𝑓𝑎⃗⃗  ⃗ =∝ ∑ 𝐵𝑃𝑙
⃗⃗ ⃗⃗ ⃗⃗  𝑛

𝑙                                 (1) 

 𝑓𝑟⃗⃗⃗  = 𝛽 ∑ 𝑄 𝐽𝐵 
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗/𝑚

𝐽 |𝑄𝑗𝐵 
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |                         (2) 

where α and 𝛽  are constants, 𝑃𝑙 (𝑙 = 1, . . , 𝑛) and 𝑄𝐽(𝐽 =
1, . . , 𝑚) are regions of points that make the 3D hull. 

Each frame in the video shows the fused point cloud from the 
views of four depth sensors. The spherical models are fitted to 
the point clouds of the mice using the concept described in 
Figure 1.  The final output of the 3D Tracker-FAB fitting model 
is in Figure 2. 

 

Figure 2. 3D Tracker-FAB original model. The red spheres represent the body 
parts. The black-gray points represent the point cloud. 

The 3DTracker-FAB, only extracts the head, neck, trunk, hip, 
and nose features to create the anatomical model of the mouse 
as shown in Figure 2. It is insufficient to describe the orientation 

nor the specific sections of the full body of the mouse. In order 
to extract and estimate the location of anatomical axis and 
planes, we take into account the relative positions from the given 
features of 3DTracker-FAB. We only analyze the frames where 
the straightened body of the mouse is fully visible. These are the 
set of frames when the mouse stands. Two researchers have 
evaluation whether the planes are depicted correctly or not.  

B. Anatomical Axis and Planes 

Our method assumes that the spheres of the nose, head, body, 

and hip features coming from the 3DTracker-FAB are aligned 

to each other. In addition, the y coordinates of 𝑥1  and 𝑥2 

vertices for creation of the sagittal plane and frontal plane are 

manually set 10% higher than the nose height , 𝑁𝑃 . The y 

coordinates of 𝑥3and 𝑥4 vertices of the same planes are defined 

as the ground position i.e., zero. The cardinal plane locations 

also depend on the axes computation as explained further.  

 

1) Anatomical Axis 

Anatomical axes are imaginary axes utilized as a reference to 

the structures of animals. Hyman [11] defines anatomical axis 

as: 
 

• The sagittal axis corresponds to a line that goes from 

the dorsal to ventral surfaces and that is in the 

sagittal plane. 
 

• The longitudinal axis corresponds to a line that goes 

from head to tail and that is in the sagittal plane. 
 

• The transverse axis corresponds to a line in the 

transverse plane going from side to side. 

a) Sagittal axis 

The sagittal axis vector 𝑣𝑆𝐴 is calculated as the vector that 

goes through the trunk point (𝑃3), and that is perpendicular and 

goes through the line defined by the hip (𝑃2) and head (𝑃1). In 

Fig 3 the point of intersection of the vector 𝑣𝑆𝐴 with the line 𝑃2 

- 𝑃1 is marked as 𝑃4. 

 

𝑣21 = 𝑃2 − 𝑃1                                   (3) 
 𝑣31 = 𝑃3 − 𝑃1                                 (4) 

𝑣𝑆𝐴 = [(𝑣31 ∙ 𝑣21)/|𝑣21|
2] − 𝑣31                (5) 

 

 
Figure 3. The sagittal axis 𝑣𝑆𝐴, in the context of the body features, is computed 

using equations (3)(4)(5). 

 



b) Longitudinal axis 

The longitudinal axis vector 𝑣𝐿𝐴 is calculated as the vector 

perpendicular to the transverse axis vector 𝑣𝑇𝐴 (equation 7) and 

the sagittal axis vector 𝑣𝑆𝐴 . 

 

𝑣𝐿𝐴 = 𝑣𝑇𝐴 × 𝑣𝑆𝐴                    (6) 

 

c) Transverse axis 

The transverse axis vector 𝑣𝑇𝐴 is calculated as the vector 

perpendicular to the line defined by the Hip-Head (𝑣21) and 

the Trunk-Hip (𝑣31) vectors. 

 

              𝑣𝑇𝐴 = 𝑣21 × 𝑣31                           (7) 

 

2) Anatomical Planes 

 

The anatomical planes are also utilized as a reference to the 

structures of animals which are typically symmetrical [11]. 

Hyman [11] defines anatomical planes as: 
 

• Sagittal plane is any vertical longitudinal plane 

through the body. 
 

• The frontal plane is any horizontal longitudinal 

section through the body. 
 

• The transverse plane cuts vertically across the body 

at right angles to the sagittal and horizontal planes. 

 

In this paper, each of the three anatomical planes is described 

by their vertices 𝑥 = [𝑥1𝑥2𝑥3𝑥4]
′
. The location in the 3D space 

of the vertices is obtained as a linear combination of two 

anatomical axis vectors 𝑣𝐴𝐴1𝑎𝑛𝑑 𝑣𝐴𝐴2 and a starting point SP.  

 

[

𝑥1

𝑥2

𝑥3

𝑥4

] = [

𝑎1 ∗ 𝑣𝐴𝐴1 + 𝑏1 ∗ 𝑣𝐴𝐴2 + 𝑆𝑃
𝑎2 ∗ 𝑣𝐴𝐴1 + 𝑏2 ∗ 𝑣𝐴𝐴2 + 𝑆𝑃
𝑎3 ∗ 𝑣𝐴𝐴1 + 𝑏3 ∗ 𝑣𝐴𝐴2 + 𝑆𝑃
𝑎4 ∗ 𝑣𝐴𝐴1 + 𝑏4 ∗ 𝑣𝐴𝐴2 + 𝑆𝑃

] (8) 

 

Equation 8 describes the general equation for the anatomical 

planes. As an example, in the sagittal plane (Figure 4) the 𝑣𝐴𝐴1 

and 𝑣𝐴𝐴2 correspond to the longitudinal axis vector 𝑣𝐿𝐴 and the 

sagittal axis vector 𝑣𝑆𝐴  respectively. The 𝑎1−4  and 𝑏1−4 

coefficients values are calculated using (8), the aforementioned 

assumptions and taking into account the orientation of the 

planes with respect to the body of the mouse. 

 

a) Sagittal plane 

We estimate the sagittal plane as a linear combination of 

the longitudinal axis 𝑣𝐿𝐴 and the sagittal axis 𝑣𝑆𝐴. 

 

𝑥 = 𝑎 ∗ 𝑣𝐿𝐴 + 𝑏 ∗ 𝑣𝑆𝐴  + 𝑆𝑃          (9) 

 

 
Figure 4. Sagittal plane, side view. In the sagittal plane the longitudinal axis 

vector 𝑣𝐿𝐴 corresponds to 𝑣𝐴𝐴1 (equation 8), in the same way 𝑣𝑆𝐴 corresponds 

to 𝑣𝐴𝐴2 . Note that for expository proposes the vectors are drawn from the 

starting point (𝑆𝑃), also note that in the sagittal plane 𝑎1 ∗ 𝑣𝐿𝐴 = 𝑎2 ∗ 𝑣𝐿𝐴, 𝑎3 ∗
𝑣𝐿𝐴 = 𝑎4 ∗ 𝑣𝐿𝐴, 𝑏1 ∗ 𝑣𝑆𝐴 = 𝑏3 ∗ 𝑣𝑆𝐴, and  𝑏2 ∗ 𝑣𝑆𝐴 = 𝑏4 ∗ 𝑣𝑆𝐴 . As an example, 

the vertex 𝑥1=𝑎1 ∗ 𝑣𝐿𝐴 + 𝑏1 ∗ 𝑣𝑆𝐴 +  𝑆𝑃 (equation 8). Adapted with permission 

from “A 3D-Video-Based Computerized Analysis of Social and Sexual 

Interactions in Rats,” p. 4. [3]. 
 doi:10.1371/journal.pone.0078460.g002 

 

The equations (10) and (11) for the coefficients 𝑎 and 𝑏 are 

derived from equation (8) when the constraints are set as 

explained in Section B. 𝑁𝑃𝑦  is the 𝑦  component of the nose 

point, 𝑆𝑃𝑦 is the 𝑦 component of the starting point, 𝑣𝑆𝐴𝑦  the 𝑦 

component of the sagittal axis vector, and 𝑣𝐿𝐴𝑦  the 𝑦 

component of the longitudinal axis vector.  

 

𝑎 =

[
 
 
 
 
(𝑁𝑃𝑦 ∗ 1.1 − 𝑆𝑃𝑦 − 𝑣𝑆𝐴𝑦)/𝑣𝐿𝐴𝑦

(𝑁𝑃𝑦 ∗ 1.1 − 𝑆𝑃𝑦 + 𝑣𝑆𝐴𝑦)/𝑣𝐿𝐴𝑦

(−𝑆𝑃𝑦 + 𝑣𝑆𝐴𝑦)/(𝑣𝐿𝐴𝑦)

(−𝑆𝑃𝑦 − 𝑣𝑆𝐴𝑦)/(𝑣𝐿𝐴𝑦) ]
 
 
 
 

    (10) 

 

𝑏 = [

−1
   1
−1
   1

]      (11) 

b) Frontal plane 

We estimate the frontal plane as a linear combination of the 

longitudinal axis 𝑣𝐿𝐴  and the frontal axis 𝑣𝐹𝐴. 

 

𝑥 = 𝑎 ∗ 𝑣𝐿𝐴 + 𝑏 ∗ 𝑣𝐹𝐴 + 𝑆𝑃                (12) 

 

𝑎 = [

   1
   1
−1
−1

] 𝑏 = [

−1
   1
−1
   1

]        (13) 

 

c) Transverse plane 

The transverse plane is calculated as a linear combination 

of the sagittal axis 𝑣𝑆𝐴 and the transverse axis 𝑣𝑇𝐴. 

 

𝑥 = 𝑎 ∗ 𝑣𝑆𝐴 + 𝑏 ∗ 𝑣𝑇𝐴 + SP     (14) 

 

Equations for 𝑎 and 𝑏 are the same as in (10) and (11). 



III. RESULTS AND DISCUSSION  

We determine the performance of the visualization when 

the mouse is in standing state. Figure 5 shows the tri-

anatomical axes (sagittal, longitudinal and transverse axis) 

superimposed on the subject’s body. Using the corresponding 

RGB images of these frames from two views, the axes on the 

3D data gives more affirmation to which direction the mouse 

is inclined. The sagittal axis identifies where the mouse is 

facing in the point cloud dataset.  

Moreover, Figure 6 shows the anatomical body planes – 

frontal, transverse and sagittal plane. Each plane cut the 

subject into halves to pertain divisions of symmetry of the 

body. The planes also move along the anatomical axes that 

are visualized in the beginning. These cardinal planes were 

made visible to attempt for describing the 3D motions of the 

mouse without using markers. For instance, the movement of 

rearing or standing is visualized as a motion occurring with 

all three planes. The most observable movement would 

happen on the hip that is expressed on the sagittal plane, 

changes in the left and right sides of the mouse. Likewise, the 

frontal and transverse planes are affected. The hip exhibits 

extension and flexion on the sagittal plane and at the same 

time, emphasizing rotations on the bottom part of the mouse 

and the movements in front, to complete a standing motion.  

All the anatomical planes and axes are simultaneously 

depicted in Figure 7. 

A. Anatomical Axis 

 
Figure 5. Anatomical axes - sagittal axis (red), longitudinal axis (blue), and 

transverse axis (green) with their corresponding RGB images. 

B. Anatomical Planes 

 
Figure 6. The three different body planes shown separated with the mouse in a 

standing position: a) b) Frontal plane (blue). c) d) Transverse plane (green). e) 

f) Sagittal plane (red). The views are the same as in Figure 5. 

C. Final result 

 
Figure 7. Body axes & planes displayed simultaneously: sagittal plane (red), 

frontal plane (blue), transverse plane (green), sagittal axis (red), longitudinal 
axis (blue), and transverse axis (green). The views are the same as in Figure 5. 

 

D. Empirical Evaluation 

Sequence of nine consecutive frames during the mouse 

stands is evaluated by two researchers. As shown in Table 1, 

the success rate of plane extraction is determined through 

observation, whether the planes matched the researchers’ 

expectation. For instance, two of the sagittal planes did not pass 

the criterion since these planes are slanted which do not divide 

the mouse into left and right side symmetrically. 
 

 Transverse 

Plane 

Sagittal 

Plane 

Frontal 

Plane 

Success Rate 9/9 7/9 4/9 
 

Table 1. Evaluation of consecutive frames with the mouse in a standing 

position. The transverse plane, frontal plane, and sagittal plane were evaluated. 

 

 

 

 

 



Overall, the system is capable of displaying the different 

axial planes, and giving reference to the viewer of the position, 

location of body parts and structures of the mouse, even in the 

failure case. The failure in the frontal plane corresponds to a 

slight misalignment as shown in Figure 8 a) b), the failure in 

transverse plane is caused by the mouse being in transition to a 

full standing position i.e. the mouse is in a curved posture as 

shown in Figure 8 c). 
 

E. Expected Failure Case 

 
Figure 8. Expected failure case. The mouse from a top front view a) Failure 
case highlighting the point cloud information. b) Failure case highlighting the 

body features as provided by the 3D tracker. c) Error in the frontal plane caused 

by the mouse being in a curved posture. 

 

As expected when the spheres representing body features 

provided by the 3DTracker-FAB are not correctly aligned, the 

anatomical axis and plane axis are misaligned. In the worst case, 

the planes may be switched. Figure 8 a) b) demonstrates when 

the trunk feature was aligned to the right, which causes all the 

planes to shift to the left. When the mouse is in a curved posture 

there is an error in the placement of the frontal plane as shown 

in c). 

IV. CONCLUSIONS 

Our application has integrated a new capability to infer the 
anatomical axis and plane locations of the mouse. Objective 
analysis will be quicker through this assistive tool for 
neuroscientists. We have extended the approach on hull fitting 
to extract the body phase representations of the mice at a frame 
rate of 4-5 fps. The planar visualization has also been envisioned 
for mapping onto 2D videos to provide additional information 
and augmentation on the mouse's body. Including the set of 
anatomical axes and planes into the three-dimensional spherical 
model has enriched the description for the mouse's anatomical 
motion. 
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