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Abstract. Lung cancer is the leading cause of death among different type of can-
cers worldwide. To decrease the recorded mortality rates, earlier diagnosis and
timely treatment are essential. The two-degrees-of-freedom robotic and image
guided navigation system, ENDORO is designed to find peripheral pulmonary
nodules using an electromagnetic tracking equipment, a navigation software and
a specially designed biopsy catheter. The aim of the present study was to assess
the accuracy of the ENDORO system in a rigid lung phantom built from a set
of computerized tomography scans of a patient. We describe the testing environ-
ment, necessary configurations and navigation results for main lung airways. The
evaluation consists in identifying all navigable paths from the entry point to the
lung periphery, counting the number of intersection crossing, the time required
for navigation and the number of movements the robot performed. The results
demonstrate appropriate navigation accuracy for catheters with a rigid tip. Future
studies will test robotic navigation with a catheter with a bending tip.
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1 Introduction

Lung cancer has the highest annual mortality rate globally among all types of cancer
[1] and despite the recent advancements, the disease is still detected mostly in its late
stages [2]. This problem has worsened due to the COVID-19 pandemic because medical
focus and resources have shifted away from cancer detection, and it is anticipated that
this shift may result in decreased survival rates in the near future [3]. Earlier diagnosis
and timely treatment are crucial in order to reduce the cancer burden, and thus minimize
the number of deaths caused by lung cancer [4].

An efficient solution to investigate peripheral pulmonary nodules is the ENDORO
robotic system with its navigation software platform iMTECH [5] and special instru-
ments, whose research and development are conducted in the Laboratory of Microtech-
nologies and Medical Engineering from University of Craiova [6].
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In this paper we propose a framework for testing the ENDORO robotic system
prototype. Testing is performed on a novel artificial lung built by 3D printing using
computerized tomography (CT) scans. We used this phantom to test the accuracy of the
robotic system’s navigation. Based upon our testing results, the system can successfully
reach themain airways in the lower region of the lung but further accuracy improvements
of the navigation platform should be obtained for upper lung investigation.

2 ENDORO Robotic System

The ENDORO robotic system together with the catheter and guide-wire operates by
translation and rotation. These are the two degrees of freedom in our robotic system.
Translation of the catheter is performed by either retraction and advancement, while
rotation is done around the catheter’s own axis. Further, the ENDORO robotic system
is equipped with a navigation software platform called iMTECH that allows the user to
visualize in real time the position of the catheter (Fig. 1).

The ENDORO robot is controlled by two Robotis electric motors Dynamixel AX-
12A, connected to a microcontroller OpenCM9.04, and linked to an expansion board
OpenCM 485. The movements of the ENDORO robot are performed using a software
program running on a Raspberry Pi microcomputer (Raspberry Pi 4, Model B).

The ENDORO platform uses electromagnetic systems developed by Northern Dig-
ital Inc. together with the iMTECH navigation software platform. The electromagnetic
tracking system consists of:

• a flat field generator (Aurora Planar 20-20);
• a system control unit (Aurora System Control Unit V2);
• two sensor interface units (Aurora Sensor Interface);
• two built-in sensors: in the lung (Aurora 6DOFReference) and at the top of the catheter
(Aurora 5DOF FlexTube).

Using the software platform, the exact location of the medical instrument on a 3D
map is displayed in real time.

The prototype of the ENDORO system, as well as the artificial lungmodel wereman-
ufactured and assembled in the Laboratory ofMicrotechnologies andMedical Engineer-
ing (LMME) from the University of Craiova. The robot enclosure’s parts were printed

Fig. 1. Testing environment setup of the ENDORO robotic system.
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from Formlabs Rigid 4000 type resin, using the existing 3D printer in the laboratory
(Formlabs Form 2).

In the construction of the artificial lung, a series of computerized tomography scans
performedbasedon the natural lungmodel havebeen analyzed.Compared to the previous
artificial model we had in the laboratory, the new model has dimensions similar to those
of a natural lung in the body of an adult for a more realistic testing (Fig. 2).

A comparative analysis of the characteristics of the two lung testing models is high-
lighted in Table 1. The new model has smaller dimensions than the old model for closer
approximation to the human lung.

The ENDORO system has the following features:

• The capacity of the rotation system is 300°, supporting 65movements in steps ranging
between 4.5° and 5°. The response time of each movement is 1.5 s.

• The maximum capacity of the translation system is given by the length of the used
catheter, having an unlimited number of steps, with an accuracy between 2.3 mm and
2.8 mm for each step. The response time is instantaneous.

Fig. 2. Old and new lung prototype models.

Table 1. Characteristics of old and new lung prototype models.

Characteristics Old model New model

Length 260 mm 210 mm

Width 250 mm 217 mm

Height 164 mm 100 mm

Trachea - Inner diameter 20.5 mm 13 mm

Trachea - Outer diameter 27.1 mm 17.6 mm
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3 Experimental Setup and Test Results

The testing of the new lung model aims at traversing all existing pathways and making
measurements of time, number of movements performed, and errors.

The test was performed using a 1.7 mm diameter catheter and a 0.7 mm diameter
guide-wire. The total horizontal distance available for the wire to travel is 650mmwhich
is sufficient for a catheter to navigate inside the human body to reach every branch of
the lung’s airways.

A modified lung biopsy catheter was used to test the ENDORO system in the new
lung model (Fig. 3). The catheter was built from the metallic spiral tube of the biopsy
catheter in which an Aurora 5DOF sensor and a guide-wire were introduced.

To conduct tests on the new artificial lung, we used the following setup:

1. We set the initial position of the robot with the face of the catheter clamping drum
in a horizontal position, and the guide-wire was retracted in the sheath.

2. We 3D-scanned the lung model using a CT scanner, and the resulting images were
uploaded to the iMTECH platform.

3. After loading the images into the platform, we calibrated the reference sensor
according to the one located on the model.

The new lung model has a total of 46 navigable paths (see Fig. 4), of which only 8
are fully navigable using the catheter previously shown.

As the length of the tracking sensor of the electromagnetic tracking system is 8.2mm,
and since the sensor is positioned in front of the catheter, it is not possible to navigate
the paths at an intersection with a curvature less than 10 mm. As consequence, most of
the branches in the right upper lobe, right middle lobe, and left upper lobe (4, 9–21, 24,
25, 29–33, 36–46) were inaccessible for this specific instrument.

Other challenges with reaching the target points are internal frictions and the diffi-
culty of guiding the guide-wire towards branches in the bronchial lobar. These errors
can be remedied with the help of a traditional bronchoscope, through which the catheter
can be placed.

Fig. 3. Biopsy catheter with a guide-wire for navigation and tracking.
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Fig. 4. Graphical representation of the artificial lung, containing markers to all possible inner
navigation paths.

Fig. 5. The physical position of the catheter inside the artificial lung (a). Screenshot of the
iMTECH platform to identify the position of the catheter inside the lung (b).

Fig. 6. View of the section inside the lung of a path of interest for correct navigation (a). Exterior
view of the path of interest, showing a navigation error (b).

The electromagnetic tracking system, togetherwith the iMTECHsoftware, facilitates
navigation by tracking the position of the catheter tip inside the bronchial branches, as
shown in Fig. 5.

Figure 6 shows the scenarios in which the catheter moves inside the lung, correctly
navigating a path of interest in the first screenshot, and, in the second screenshot, a
navigation error, when the catheter is positioned outside the path of interest.
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Table 2. The characteristics of the navigable paths of the lung and the performed measurements
during the navigation process.

Path-to-target ID Path length
(mm)

Number of
intersections to
target

Time to reach the
target
(sec)

Measured
movements

7 130 4 60 Rotations: 10
Translations:
42

8 140 4 79 Rotations: 30
Translations:
47

6 165 5 90 Rotations: 25
Translations:
66

3 190 5 180 Rotations: 75
Translations:
84

22 200 4 68 Rotations: 5
Translations:
85

5 200 5 126 Rotations: 30
Translations:
73

1 202 5 140 Rotations: 55
Translations:
81

2 222 5 192 Rotations: 98
Translations:
87

Themeasurements performed on the 8 navigable paths of the lung of different lengths
are presented in Table 2. The information collected for each navigable path is as follows:

• required time to navigate to the target point;
• number of reached intersections;
• number of recorded rotational and translational movements.

As it can be seen, in the case of the path with ID 22, for which 5 rotations were
performed, the time is relatively short, although the length of the track is long. In contrast,
for the path with ID 5 of the same length, the recorded time is significantly longer
because 30 rotations were performed. In addition, we note that the number of reached
intersections does not significantly impact the resulting time, given the biological nature
of the positions of target points located in the segmental bronchi.
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4 Conclusions and Feature Work

A newly modeled artificial lung based on CT scans obtained from patients was used,
thus creating a more realistic test environment.

Measurements were made on possible navigation paths, which gives an understand-
ing of the possible correlations between the characteristics of the navigation routes, the
number of rotations and translations performed, and the times obtained.

The performed testing procedures point out to some the errors that may occur which
can be classified into the following categories:

• Electromagnetic tracking errors

Electromagnetic tracking errors canbe causedby the appearanceofmetallicmaterials
in the area of the electromagnetic field. An alternative to consider is to replace the metal
tube of the catheter with a plastic or silicone material.

• Positioning errors

Positioning errors may occur due to incorrect calibration of the reference sensor.
These can be remedied by recalibrating the sensor or repositioning it on the model.

• Medical imaging errors

Imaging errors can occur due to incorrect scanning of the lung model with the
CT scanner. This type of error can be corrected by performing a new computerized
tomography scan.

Additionally, we note that at the moment there are shortcomings of the platform in
terms of system accuracy such as:

• moving the instrument outside of the area of interest which leads to measurement
errors;

• a longer navigation time - approximately 10–20 times longer than the data collected
in Table 2.

This could result in a prolonged medical intervention.
These observations point to possible improvements of the ENDORO robotic system

and the iMTECH software platform in the next generation of the system. New catheters
design or a bronchoscope can also be used to address the above limitations.
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Furthermore, additional procedures to other organs (e.g. vascular interventions) can
be added to the testing framework to expand the capability of the tracking and robotic
system.

Acknowledgement. The research leading to these results has received funding from Norwegian
FinancialMechanism 2014–2021 under the project RO-NO-2019-0138, 19/2020 “ImprovingCan-
cerDiagnostics in FlexibleEndoscopyusingArtificial Intelligence andMedicalRobotics” IDEAR,
Contract No. 19/2020.

References

1. Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F.:
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence andMortality Worldwide
for 36 Cancers in 185 Countries. CA: A Cancer Journal for Clinicians 71(3), 209–249 (2021).

2. Tumuluru, P., Hrushikesava Raju, S., Santhi, M. V. B. T., Subba Rao, G., Seetha RamaKrishna,
P., Koujalagi, A.: Smart Lung Cancer Detector Using a Novel Hybrid for Early Detection of
Lung Cancer. In: Ranganathan, G., Fernando, X., Shi, F. (eds) Inventive Communication and
Computational Technologies, LNCS, vol. 311, pp. 849–862. Springer, Singapore, 2022.

3. Siegel, R. L., Miller, K. D., Fuchs, H. E., Jemal, A.: Cancer statistics, 2022. CA: A Cancer
Journal for Clinicians 72(1), 7–33 (2022).

4. National Cancer Institute. Cancer Stat Facts: Lung and Bronchus Cancer, https://seer.cancer.
gov/statfacts/html/lungb.html, last accessed 2022/04/07.

5. Gruionu, L. G., Stan R. S., Udristoiu, A. L., Iacob, A., Udristoiu, S., Constantinescu, C.,
Gruionu, G.: Robotic Electromagnetic andOptical Navigation Platform forMinimally Invasive
Surgical Interventions. Acta Technica Napocensis - Series: Applied Mathematics, Mechanics,
and Engineering, 64(1-S2) (2021).

6. Gruionu, L. G., Constantinescu, C., Iacob, A., Gruionu, G.: Robotic System for Catheter
Navigation during Medical Procedures. Applied Mechanics and Materials 896, 211–217
(2020).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://seer.cancer.gov/statfacts/html/lungb.html
http://creativecommons.org/licenses/by-nc/4.0/

	Navigation Testing Procedures for the ENDORO Robotic System
	1 Introduction
	2 ENDORO Robotic System
	3 Experimental Setup and Test Results
	4 Conclusions and Feature Work
	References




