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Abstract

TS'T-Bot is a robotic tool, remotely controlled from the ground by LW operators, designed to carry
out live work on the MV network. 1t consists of a lifting device with an insulated platform. Two
robotic arms, each equipped with a gripper for using tools and materials, are attached to the platform.
The gripper works like a hook stick. In the first place, TST-Bot has been designed to perform four
types of operation which represent around 50% of the live working activities, such as installing and
removing tools and accessories, maintaining overhead switches as well as manoenvring jumper. This
new tool promises numerous advantages: it will be more environmentally friendly compared with
today’s machines, contribute to the risks management for the LW operators, allow savings on
maintenance and, in a context of growth in LW activities linked to the energy transition, allow
resources to be reassigned in order to carry ont more complex activities. ENEDIS and SERECT
are working together to define the requirements TS'T-Bot shall meet and also to define the rules to
be respected while nsing it during live working operations.
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I. INTRODUCTION

In 2018, Enedis launched a project to automate MV live working activities, aiming to provide
teams with a cutting-edge tool designed to improve ergonomics and enhance risk
management on worksites. As part of this initiative, the OTELO proof of concept (POC)
successfully demonstrated in 2021 the feasibility of remotely operating robotic arms from the
ground to manipulate tools and accessories on overhead lines.

Since 2022, Enedis has been working on industrialising this concept and has initiated the
development of a prototype named TST-Bot. The specifications for TST-Bot were the result
of a collaborative effort involving representatives from all key stakeholders within the
company involved in MV live working activities, including operators, work supervisors,
managers, technical experts, equipment specialists, and safety advisors. This effort was further
supported by SERECT and robotics experts.

During the prototype development phase, the robotic components of TST-Bot were
subjected to various types of tests, including resistance to electrical arches, immunity to
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electric fields, and immunity to magnetic fields to ensure their reliable performance when in
contact with live parts.

The first tests to execute specific use cases on a training network were successfully
completed in late November 2024.

II. TECHNICAL SPECIFICATIONS

A. General Concept

The TST-Bot prototype is built on the Leo 30T+ spider lift platform manufactured by
Teupen and equipped with two “Tenor” robotic arms developed by Cybernetix. The
platform’s bucket has been replaced by an insulating interface that supports the two robotic
arms, their batteries, the control system, and the cameras.

TST-Bot is designed to be operated under the following conditions: rain, wind speeds of
up to 45 km/h, and temperatures between 0°C to 45°C.

Fig. 1. Front view of TST-Bot

B. Lifting Equipment
The load chart of the spider lift has been modified to suit the specific use of TST-Bot, as the

400kg weight of the insulated platform is now a permanent load (both during movement and
elevation).
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Fig. 2. TST-Bot load diagram

C. Insulated Platform

* General Concept

Fig. 3. TST-Bot insulated platform

The insulated platform consists of the following components, as described in the
paragraphs below: insulating tubes, robotic arms, control system, and cameras.
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* Insulating tubes

Four insulating tubes conforming to IEC 60855-1 [1], assembled with stick clamps, ensure
electrical insulation between the two robotic arms and the spider lift.

* Robotic Arms

Each robotic arm has six axes and is remotely operable up to 40 meters. Remote operation
can be done using two modes: “cartesian” or “articulated” which can be selected by the
operator. Indeed, each robotic arm has its own wireless control interface, and a third one is
dedicated to the worksite supervision. In addition, each arm is painted in a different colour
to ensure easy visual identification by the operators.

A gripper is also fitted at the end of the robotic arm, reproducing the mechanism of a hook
stick.

The arms have a load capacity of 11kg, allowing them to handle all the equipment required
for the execution of the use cases.

* Control System and Supervision

Each robotic arm is paired with a control system mounted on the insulated platform. This
system manages emergency stops, remote operation, the power supply (48V battery) for the
arm, and communication with the wireless control interface.

* Onboard Cameras

In total, four cameras are installed on the insulated platform to provide the best possible
view of the worksite for remote operators. Each arm has its own two cameras: one on the
back giving a “general view”, and one mounted on the gripper providing a “detailed view”.

III. REMOTE OPERATION

TST-Bot is remotely operated by two live working operators, each equipped with a wireless
control interface that provides both “cartesian” and “articulated” possibilities to handle tools
and equipment using the grippers. For better control, each operator has a view of all four
cameras.

Each control interface is paired with one and only one robotic arm, and the screen displays
the same colour as the robotic arm once connected.

A third control interface is dedicated to the work supervisor to monitor the live work. In
particular, it provides access to the video feeds from the four on-board cameras and enables
data entry of the intervention report.

171



Jonathan Hirtz et al.

Fig. 4. TST-Bot wireless control interface

IV. TYPE TESTS

7

Fig. 5. TST-Bot type tests set-up
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During the development phase, electrical type tests were conducted on the insulating
platform and on the robotic arm in the SERECT laboratory [2]. Regarding the latter, the aim
was to verify that the robotic arm operates correctly without any disruption when positioned
in an electrical environment. These tests include immunity to electric and magnetic fields, and
resistance to electrical arches when getting closer to the live conductor in accordance with
applicable standards [3 - 4]. All the results comply with the requirements.

V. USE CASE

For the time being, TST-Bot performs four use cases:

* Installation of bird protection devices.

* Lubrication of overhead switches.

* Operation of jumpers.

* Installation of temporary switch-disconnector tools.

These are considered basic activities. More complex use cases may be explored in the future.

Fig. 6. Installation of a temporary switch disconnector using TST-Bot
VI. EXPECTED BENEFITS
In a context of growth in LW activities, mainly driven by the energy transition, TST-Bot will

enable LW teams to carry out more “complex” operations with added value. For example:
installation of poles, replacement of conductor configurations and insulators. Also, technical

173



Jonathan Hirtz et al.

professions are facing challenges in hiring and retention. TST-Bot will give the LW
professions new opportunities to more diverse profiles by shifting activities toward new
technologies and by reducing physical effort for technicians.

Finally, in terms of safety, TST-Bot will contribute to the risk management for the LW
operators, particularly regarding working at height, electrical hazards and musculoskeletal
disorders.

VII. INDUSTRIALISATION OUTLOOK

Throughout 2025, TST-Bot will be tested on MV network by four Enedis LW teams, who
have been identified and trained in its use (particularly in remote operation). Feedback will be
collected and will consider the issues of performance, team acceptance, the suitability of the
TST-Bot for the activities, and safety considerations. This feedback will serve as the basis for
a decision on industrialisation and potential rollout across the entire ENEDIS service area.
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