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Abstract—This paper introduces an optimisation-based trajec-
tory deformation and tracking algorithm for tethered differential-
driven mobile robots. The motivation of this work is to gen-
erate self-entanglement-free (SEF) commands for a tethered
differential-driven robot to track a path. Whilst existing path
planners have been capable of generating SEF paths for teth-
ered differential-driven robots lacking an omni-directional tether
retracting mechanism, no trajectory planner can handle the
unavoidable movement errors that cause robot pose deviate from
the pre-defined path. The trajectory deformation and tracking is
challenging because the admissible heading direction of the robot
is highly constrained by the SEF constraint. As a result, even with
an SEF path, the robot still encounters self-entanglement issues
during execution.

This paper fills this gap by formulating the trajectory de-
forming and tracking (TDT) problem of a tethered robot into a
multi-objective optimisation framework. Explicit consideration of
the constraint of the relative angle between the tether stretching
direction and the robot’s heading direction to be admissible
during its movement is provided in this framework. The proposed
algorithm repeatedly deforms the pre-defined path for easier
tracking, whilst generating a suitable velocity profile for robot
execution. Compared to directly applying the commonly used
untethered trajectory deformation and tracking algorithm into
tethered cases, the proposed algorithm demonstrates improved
performance in terms of minimising the risk of self-entanglement
and maximising robot safety. These are validated in both simu-
lated and real scenarios. An open-sourcesourcing implementation
has also been provided for the benefit of the robotics community.

I. INTRODUCTION

Trajectory deforming and tracking (TDT) is a crucial mod-
ule for mobile robot execution. Given the pre-calculated path
to be tracked, the movement errors unavoidably occur when
the robot is moving, causing the robot to deviate from the
intended path. In the past decades, several kinds of algorithms
have been proposed to address or alleviate this issue. One kind
of algorithms adopted feedback control strategy that generates
robot commands based on the current position and orientation
error with respect to the selected waypoint [1]. Another cate-
gory of algorithms employed sampling-based technique to find
the most suitable steering direction and velocity within a small
spatial-temporal window [2]. The fundamental aim of all these
algorithms is motivating the robot to return to the pre-defined
paths. More recently, it has been observed that when the
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Fig. 1. Illustration of the motivation of the proposed algorithm. In the
scenarios shown in this figure, the situations are observed where the robot,
whilst trying to return to its pre-defined path or avoid dynamic obstacles,
encounter self-entanglement issues. The tethered path deforming and tracking
task has be a challenging topic because of the combinational efforts of the
robot kinematics, the collision avoidance, the maximum length constraint of
the robot tether, and the admissible relative angle between the robot’s heading
direction and the tether retracting direction. Whilst algorithms have been
developed to generate self-entanglement-free (SEF) paths for these robots,
the problem arises when the robot deviates from its pre-defined path due to
unavoidable movement errors. At this point, there has not been an algorithm
capable of guiding the robot towards the goal whilst complying with tether-
related constraints.

robot deviates from the path and the environmental conditions
are changing, the path pre-defined in the past might not be
suitable for the current scene [3]. Therefore, concentrations
have been shifted towards not only selecting the best robot
commands, but also continuously deforming the trajectory to
better match the robot execution [4]. A notable breakthrough
in this area is the observation of the modelling of the path
deforming and tracking task to a multi-objective optimisation
problem [5] [6] [7].

Compared to the TDT algorithm designed for common
untethered robots, the TDT task for a tethered robot is slightly
different in the following aspects. The most apparent dif-
ference is in collision avoidance. Different from untethered
mobile robots that can actively mobilise themselves to avoid
collision with dynamic obstacles, the cable of a tethered robot
is entirely passive. When a dynamic obstacle intentionally
crosses the robot tether, there is no effective action that the
robot can take to avoid it. Therefore, an implicit environmental
requirement for a tethered TDT task is that dynamic obstacles
do not come into contact the robot tether. Another difference
lies in the singularity of the homotopy class within which the
path can deform. Before a tethered TDT algorithm is executed,
a preceding tethered path planning algorithm has explicitly
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taken into consideration the maximum tether length constraint
and selected a suitable topological route. Therefore, if the
tethered trajectory is not continuously deformed but is altered
to a trajectory in a different homotopy class, then there is no
guarantee for the tether length admissibility. In other words,
prior efforts on finding non-homotopic paths such as [8] are
not applicable in the tethered TDT scenarios. Moreover, the
tether length must be continuously monitored during the robot
motion, which was definitely ignored when using untethered
TDT algorithms to tethered scenarios. Unfortunately, most
tethered robot literature just focused on the path planning
phase. Even if real-world experiments were conducted, the
path following was established using untethered TDT algo-
rithms such as the naive feedback control [1] and the timed-
elastic-band [5] (TEB) algorithm.

This paper considers a further challenging version of the
tethered TDT problem: the tethered TDT problem with self-
entanglement-free (SEF) constraint. This is motivated by the
practical issue that the mobile unit adopted in a tethered
robot system is usually a differential-driven one, chosen for
its mobility in uneven environment, and is also conditioned by
the fact that an omni-directional tether retracting mechanism
is often absent on the robot. Early work [9] has introduced
the SEF constraint and generated SEF tethered robot paths.
However, to the best of the authors’ knowledge, no existing
path tracking algorithm can be applied to execute robot
movement complying with the SEF constraint. Even if the path
is initially designed to be SEF, it will inadvertently violate
the SEF constraint after untethered TDT algorithms modify
it due to robot execution error and the presence of dynamic
obstacles. See Fig. 1 for illustration. The proposed algorithm
bridges this gap by explicitly considering the relative angle
between the robot’s heading direction and the tether retracting
direction, and minimising the risk for self-entanglement. The
contributions of this paper are listed as follows:

1) The formulation of self-entanglement-free (SEF) trajec-
tory deformation and tracking problem into a weighted
multi-objective optimisation problem.

2) The first trajectory deformation and tracking algorithm
with minimised SEF property for the safe execution of a
tethered differential-driven mobile robot.

3) The open-sourcing 1 of C++ implementation within the
framework of Robot Operating System (ROS).

The remainder of this paper is organised as follows: Sec-
tion II reviews existing literature. Section III formulates the
online trajectory deformation problem designed for tethered
differential-driven robots without an omni-directional tether
retracting mechanism. Section IV presents the proposed al-
gorithm. Simulated and real-world experiments are collected
in Section V, with final concluding remarks gathered in
Section VI.

II. RELATED WORKS

The applications of tethered mobile robots have gained
increasing attentions in recent years. Classic environmental

1https://github.com/jiangpin-legend/T-TDT

Fig. 2. Illustration of the definitions and notations of the robot model.

challenges such as providing stable communication and energy
supply for robots become trivial issues in the tethered scenar-
ios because of the connection between the mobile unit and the
base station given by the robot tether. This makes the tethered
robots suitable for operating under various extreme conditions,
such as pipe inspection [10], highway maintenance [11], grass
trimming [12] [13] [14], disaster recovery [15], mountain
climbing tasks [16] [17], and exploration tasks [18].

Planning tether-length-admissible path for a tethered robot
has been the most popular topic in the past decades. This has
been extensively investigated, starting with particle robots in
polygonal environments [19] [20], then extending to particle
robots in grid-based environments [21], and finally to circular
robots in grid-based environments [22] [23]. Also, applicable
scenarios have been generalised from planar environments
to underwater environments [24], aerial environments [25],
two linked mobile robots [26], an aerial robot linked to a
mobile robot [27], tethered multi-goal visiting and travelling
salesman problem [28], and cases with higher-order topo-
logical complexities [29]. Recently, [9] observed the self-
entanglement issue when the mobile unit is differential-driven
and lacks an omni-directional tether retracting structure, and
proposed a searching-based planner for self-entanglement-free
tethered path planning (SEFTPP). And [30] further proved that
the validation process of the self-entanglement-free property
of tethered waypoint configurations can be sparse, which
significantly reduced the computational time for obtaining a
SEF resultant path.

In contrast to the numerous path planning algorithms for
tethered robots, little concentration has been paid to devel-
oping techniques for deforming and tracking trajectories for
tethered robots that may encounter self-entanglement issues.
To be precise, most of the existing research on tethered robots,
including [19] [16] [31] [17] [22] [20] [23] [13] [14] [28],
have only focused on simulations. [24] utilised the naive
feedback control strategy for tethered underwater vehicles.
Because the movement error rarely causes self-entanglement,
[9] also deployed the feedback control, which is however only
effective when the movement error is minimal. In particular,
when dynamic obstacles make the pre-defined path unfeasible
and cause the robot to deviate from the intended path, there
is currently no specialised technique available to guarantee
self-entanglement-free motions as the robot navigates around
obstacles and continues tracking. This is done in this work.
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III. PROBLEM DEFINITION

Robot Kinematics. See Fig. 2 for illustration. The model of
the tethered differential-driven robot follows existing conven-
tions, which are briefly re-stated here. A configuration of the
robot consists of two parts, the spatial pose of the differential-
driven mobile unit, denoted as 𝑐 = [𝑥, 𝑦, 𝜃], and the shape of
the tether 𝑠.

The tether’s thickness is neglected, and it is assumed to be
taut at all times. As such, the shape of the tether 𝑠 can be
estimated as a sequence of points, beginning with the fixed
anchoring point 𝑏 in the environment, followed by the points
where the tether contacts obstacles, denoted as 𝑃, and ending
at the tether-robot contact point 𝑎. The last tether-obstacle
contact point is denoted as 𝑝.

Regarding the collision model of the robot, the collision
between the tether and dynamic obstacles is neglected, because
the tether is a passive structure of the robot system which
cannot actively avoid obstacles. The collision module of the
mobile unit is assumed as a polygon.

To prevent the robot from self-entanglement, at every mo-
ment, the heading orientation of the mobile unit is conditioned
by the tether retracting direction which is estimated as ®𝑎𝑝. See
Fig. 2 for illustration. The admissible relative angle between
these orientations is designated as [Φ1,Φ2], a parameter
determined by the mechanical structure of the robot.

Environmental Assumption. Tether kinematics introduce
additional requirements for the dynamic obstacles in the
environment. Firstly, it is necessary to assume that any obstacle
in contact with the robot tether remains static, as otherwise,
there is a possibility of a situation where the shape of the tether
changes even if the robot itself does not move. Secondly, the
presence of dynamic obstacles should not affect the existence
of a tether-length-admissible resultant path in the same homo-
topy class as the pre-defined path. To be precise, it has been
proven in [28] that a tether-length-admissible resultant path
exists only if the induced goal configuration is tether-length-
admissible. However, although the tether length admissibility
of the robot’s next configuration is checked at every moment
in the trajectory deformation and tracking algorithm, verifying
the admissibility of the goal configuration is not local, i.e., is
a task that goes beyond the scope of a local path tracking
algorithm, which only focuses on the vicinity of the robot.

Tethered Trajectory Deforming and Tracking. Given
a 2-dimensional environment which have been pre-modelled
into a map 𝑀 , and a pre-defined robot path connecting the
starting location and the goal location, the tethered trajectory
deforming and tracking (T-TDT) task is to solve for a sequence
of robot’s steering and velocity commands, such that the robot
can traverse from the starting location to the goal location,
satisfying that:

1) (Common constraints for navigation) The commands are
kinematically feasible. The robot does not hit any obsta-
cle.

2) (Tether length admissible) The length of the robot tether
does not exceed its maximal length.

Fig. 3. Illustration of parameters used for describing a tethered robot motion.

Fig. 4. Illustration of the factor graph structure. Vertices are variables of
interests. Edges are error functions to be optimised. Green edges indicate
the error functions related to the robot tether, blue edges indicate the errors
related only to the pose of the mobile unit, pink edges represent the penalty
for obstacle avoidance, and yellow edges are time-related penalties, such as
velocity and acceleration. Dashed edges are the modules freshly introduced
in this paper.

3) (Self-entanglement-free) The relative angle between the
robot’s heading orientation and the tether retracting ori-
entation is admissible.

IV. PROPOSED ALGORITHM

In this section, the proposed algorithm is presented which
utilises hyper-graph optimisation [32]. A brief overview of the
objectives in existing hyper-graph optimisation algorithms is
provided for self-containment. Then, we delve into the details
of the additional self-entanglement-free constraint.

A. Hyper-graph-based Optimisation

Existing framework transforms the untethered trajectory
deformation and tracking task to a hyper-graph structure,
where vertices are the variables to be optimised, and edges
are error functions relative to the variables [5] . Then, graph-
based optimisation techniques can be applied for the trajectory
deformation and tracking.

To be precise, given the initial robot location and the global
path, a short sequence of the path waypoints that the mobile
unit of the tethered robot is about to visit is selected, denoted
as 𝑐0, 𝑐1, · · · , 𝑐𝑛. Then, based on the maximum velocity of the
robot, the travelling time between each pair of consecutive
waypoints are initialised, denoted as Δ𝑇0,Δ𝑇1, · · · ,Δ𝑇𝑛−1, See
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Fig. 3 for illustration. Then the set of parameters subject to
optimisation is defined by:

𝛽 = {𝑐0,Δ𝑇0, 𝑐1,Δ𝑇1, ..., 𝑐𝑛−1,Δ𝑇𝑛−1, 𝑐𝑛} (1)

Under this parameterisation, the trajectory deforming and
tracking problem has been formulated as finding the path that
minimises the following weighed cost:

𝐶𝑜𝑠𝑡 (𝛽) =
∑︁
𝑘

𝜔𝑘 ∗ 𝑓𝑘 (𝛽) (2)

where 𝑓𝑘 (·) are metrics, and 𝜔𝑘 are the corresponding weights
set by the user. Finally, Levenberg-Marquardt iteration is
applied to optimise the hyper-graph and minimise the combi-
national costs. The main metrics that have been incorporated
into the hyper-graph framework [5] are listed as follows:

1) The penalty 𝑒𝑣,𝑖 and 𝑒𝑎,𝑖 for the robot commands that vi-
olate the maximum velocity constraint and the maximum
acceleration constraint.

2) The penalty 𝑒𝑘,𝑖 for the robot commands that violate the
robot kinematics, where in the differential-driven case it
is usually assigning non-zero velocity to the robot’s 𝑦-
direction.

3) The penalty 𝑒𝑜,𝑖 for the robot poses that stay close to
obstacles.

4) The penalty 𝑒𝑡 ,𝑖 and 𝑒𝑝,𝑖 for long robot execution time
and long travelling distance.

See Fig. 4 (solid edges) for the demonstration of the hyper-
graph structure.

B. Tether-related Objectives

In addition to the previously discussed factors, this sub-
section introduces several new terms aiming at optimising
trajectories specifically for tethered robots.

Self-Entanglement-Free Property. The shape of the robot
tether, serving as a fundamental structure for detecting self-
entanglement and verifying tether length admissibility, must be
explicitly calculated. This calculation is doable because the
tether has been assumed to be taut, allowing the estimation
using an existing module in [9]. In each iteration, once the
tether shape is calculated, the relative angle Φ𝑖 is known. A
penalty function for the violation of the self-entanglement-free
constraint is defined as follows

𝑒Φ,𝑖 =


Φ1 −Φ𝑖 , if Φ𝑖 < Φ1

Φ𝑖 −Φ2, if Φ𝑖 > Φ2

0, otherwise
(3)

Tether-Length-Admissibility. Now that the shape of the
tether has been known, its length 𝑙𝑖 becomes known as well.
Consequently, a penalty function for exceeding the maximum
tether length is naturally defined as

𝑒𝑙,𝑖 =

{
𝑙𝑖 − 𝑙max, 𝑙𝑖 > 𝑙max

0, otherwise
(4)

where 𝑙max is the maximum allowable length of the tether.
Switching between Forward and Backward Movements.

The empirical findings of the authors suggest that frequent
back-and-forth movements are effective in providing lateral

movement without introducing large angular changes. How-
ever, an excessive number of these back-and-forth movements
inevitably impact the overall execution quality, affecting fac-
tors such as the time to completion and the trajectory smooth-
ness. Therefore, for the T-TDT task, the explicit introduction
of an additional penalty for the switches between forward and
backward movements might become a vital component for the
improved quality of the resultant trajectory. This can be simply
defined as a binary cost

𝑒𝑑,𝑖 =

{
1, if the movement direction changes
0, otherwise

(5)

The positions where the new modules are incorporated have
been visualised also in Fig. 4 (dashed edges).

Finally, it is important to note that estimating the shape
of the tether, which essentially involves the identification of
all tether-obstacle contact points, is not a differentiable task.
Specifically, when the tether contacts an obstacle, the location
of the last tether-obstacle contact point changes abruptly,
without a continuous transition. As a result, the tether shape
estimation can only be implemented outside the optimisation
framework, before the optimisation process begins.

V. EXPERIMENTAL RESULTS
The proposed algorithm performs trajectory deforming and

tracking for a tethered differential-driven robot, by considering
the presence of environmental obstacles and optimising mul-
tiple task-specific metrics. These metrics include maximising
the distance to obstacles, minimising the risk of tether self-
entanglement and exceeding the tether length limit, as well
as other common objectives such as maximising velocity for
trajectory tracking and minimising the number of switches
between forward and backward movements. To the best of
the authors’ knowledge, there did not exist an algorithm that
explicitly considered the SEF constraint for tethered robots. In
Section V-A, comparative experiments are carried out to show
the necessity of the proposed algorithm. Then in Section V-B,
enormous simulated experiments are provided to demonstrate
the computational performance of the proposed algorithm.
Finally, the proposed algorithm is deployed into real-world
robot to validate its applicability.

A. Comparative Studies

Comparative experiments are provided to show the func-
tionality of the proposed algorithm against existing algorithms.
Given the same base point, initial location, goal location, ad-
missible range of relative angle, and the initial path for tracing,
the resultant paths generated by the proposed algorithm and
the Timed-Elastic-Band (TEB) algorithm [5] are provided in
Fig. 5. In both Case back-1 and Case back-2, the tether of the
robot extends to the back. And in Case right-1 and Case right-
2, the tether extends to the right. In contrast to the existing
algorithm that might change a SEF path to a non-SEF one,
the proposed algorithm can keep the tether-related constraints
whilst the robot execution. See Fig. 6 for the illustration of
the relative angle variation using both algorithms. Therefore,
when the self-entanglement issue of a tethered robot cannot be
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(a) Case back-1 (Ours) (b) Case back-2 (TEB)

(c) Case right-1 (Ours) (d) Case right-2 (TEB)

Fig. 5. Comparison of the results provided by the proposed method and the
Timed-Elastic-Band (TEB) algorithm given the same initial path and other
settings. In (a) and (b), the same initial SEF path is given, and another same
initial SEF path is given in (c) and (d). The red lines representing the tethers
in (b) and (d) indicate the violation of the SEF constraint.

Fig. 6. The variation of the relative angle between the robot’s heading direc-
tion and the tether retracting direction. Comparison are conducted between
TEB and the proposed algorithm.

ignored, the proposed algorithm has the specialised advantage
to be applied.

B. Extensive Experiments

In this subsection, more simulated experiments are con-
ducted to further demonstrate the performance of the proposed
algorithm. In these experiments, base locations, starting loca-
tions, goal locations, and relative angles are all changing to
different values. Relative statistics are summarised in Table. I.

For the most challenging scenes please see the testing results
for a tethered robot whose tether extends to its right in Fig. 7,
(a) and (b), where the proposed algorithm has to leverage

(a) Challenging case-1 (b) Challenging case-2

Fig. 7. Illustration of challenging T-PDT solutions.

Fig. 8. Illustration of the feasible robot motions (blue) optimised from non-
SEF initial paths (yellow).

all the narrow corridors between obstacles to perform best-
possible solutions, obtaining trade-offs among maximising
distance to obstacles, minimising the number of movement
direction switches, and most importantly, complying with
the robot kinematics. The proposed algorithm successfully
finished all these tasks.

As for the computational efficiency of the proposed al-
gorithm, although the resultant paths are non-intuitive, the
searching space is actually highly restricted given by the
tether-related constraints. Results show that in most cases, the
optimisation time is less than 100 milliseconds for a path of 10
metres, which satisfies the efficiency requirement as an online
algorithm.

The readers are referred to the supplementary video for the
animation of the full robot execution in simulation, where the
proposed algorithm iteratively acquires unoptimised path in
the vicinity of the robot and establishes online optimisation in
a real-time manner.

It is also noteworthy that the proposed algorithm cannot
replace existing SEF path planners. To reveal this, the initial
paths for optimisation were changed to non-SEF paths, which
were generated by A* [33] as well as a naive path smoothing
process. See Fig. 8 for illustration and Table. I for the
computational time. Results show that although the proposed
algorithm is still capable of generating a valid solution for the
robot execution, the computational time is much longer than
those dealing with a SEF initial path. Hence, the practitioners
are recommended to use both SEF path planners and the
proposed T-TDT algorithm to obtain the best performance.
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TABLE I
PERFORMANCE OF CASE STUDIES

Case Initial Path [Φ1,Φ2] Path Length Path Time Dist Cost Build Time Opt Time Total Time Fault Num Pose Num
back-1

SEF Path

[2.73,3.56] 11.16 m 25.80 s 0.35 m 10.34 41.11 ms 19.44 ms 61.27 ms 0 95
back-2 [2.81,3.47] 9.88 m 19.04 s 0.29 m 18.21 35.65 ms 8.02 ms 44.13 ms 0 36
back-3 [2.75,3.54] 13.57 m 32.12 s 0.43 m 75.60 35.79 ms 32.27 ms 69.14 ms 0 111
back-4 [2.75,3.54] 9.13 m 20.86 s 0.37 m 14.65 22.09 ms 11.18 ms 33.79 ms 0 73
back-5 [2.75,3.54] 13.81 m 29.76 s 0.35 m 9.94 80.54 ms 16.51 ms 97.61 ms 0 119
back-6 [2.77,3.51] 8.75 m 13.45 s 0.37 m 8.50 21.35 ms 7.36 ms 29.07 ms 0 48
right-1 [3.98,4.66] 7.75 m 14.37 s 0.37 m 10.97 45.36 ms 4.29 ms 49.88 ms 0 27
right-2 [3.98,5.45] 6.41 m 14.68 s 0.37 m 14.14 54.83 ms 7.85 ms 63.05 ms 0 60
right-3 [4.76,5.45] 19.31 m 45.32 s 0.34 m 15.33 92.33 ms 18.39 ms 111.49 ms 0 182
right-4 [3.98,5.45] 7.99 m 17.54 s 0.51 m 10.06 52.40 ms 10.94 ms 63.85 ms 0 64
right-5 [3.98,4.66] 18.25 m 51.49 s 0.38 m 20.04 84.43 ms 24.30 ms 109.65 ms 0 192
right-6 [4.76,5.45] 11.62 m 37.35 s 0.36 m 20.50 58.32 ms 19.80 ms 78.91 ms 0 134

back-1-teb [5] [2.73,3.56] 8.33 m 15.93 s 0.28 m 10.61 57.43 ms 5.94 ms 63.66 ms 15 38
back-2-teb [5] [2.81,3.47] 7.60 m 12.29 s 0.34 m 8.29 37.91 ms 4.30 ms 42.44 ms 9 29
right-1-teb [5] [3.98,4.66] 6.63 m 11.04 s 0.41 m 7.76 44.95 ms 4.33 ms 49.60 ms 11 23
right-2-teb [5] [3.98,5.45] 6.10 m 14.41 s 0.39 m 8.40 35.10 ms 15.54 ms 51.05 ms 57 59
right-1-a-star

Non-SEF Path
[3.98,4.66] 9.17 m 22.83 s 0.41 m 31.61 571.38 ms 131.03 ms 708.85 ms 0 77

right-2-a-star [3.98,5.45] 7.28 m 15.55 s 0.38 m 6.85 86.51 ms 14.91 ms 102.14 ms 0 51
back-2-a-star [2.81,3.47] 10.17 m 16.79 s 0.31 m 7.89 47.44 ms 5.09 ms 571.84 ms 0 59

Experiments are conducted on a laptop with Intel Core i5 3.5GHz with 16 GB of RAM.
Dist: the average distance to nearest obstacle.
Total Time: total time for algorithm calculation.
Opt Time: time for non-linear optimisation.
Build Time: time for building hyper-graph for optimisation.
Fault Num: the number of robot configurations that violate the SEF constraint.

(a) robot structure (b) the environment

Fig. 9. Illustration of (a) The real-world robot kinematics and (b) the map
of the real-world environment.

C. Real-world Illustrations

The proposed algorithm’s effectiveness is further validated
through real-world scenarios, as depicted in Fig. 9(a) for the
robot model and Fig. 9(b) for the real-world scene. In these
experiments, the tether is connected to the front bottom of
the robot chassis, below the laser, and extends to the back,
positioned between two rear casters. The map is pre-builted
as a grid map using Catographer 2, [9] is used to generate
the initial path. Given the SEF constraint, the robot is unable
to perform a large right turning, and must rely on frequent
forward and backward movements to achieve slow lateral
motion. The proposed algorithm does not optimise the path
by the intuitive straightening and smoothing, as is common in
untethered trajectory planners. Instead, it preserves the SEF
motion patterns and successfully guides the robot towards the
goal, as shown in Fig. 10. The readers are referred to the
supplementary video for the real-world robot executions.

VI. CONCLUSION

This paper presented an optimisation-based trajectory defor-

2https://github.com/cartographer-project/cartographer.git

(a) Real-world Configuration 1 (b) Visualization for Configuration 1

(c) Real-world Configuration 2 (d) Visualization for Configuration 2

Fig. 10. Illustration of the real-world experiment.

mation and tracking algorithm for tethered differential-driven
robots. Although the most recent path planning algorithms for
tethered differential-driven robots without an omni-directional
tether retracting mechanism have been capable of generating
self-entanglement-free (SEF) robot paths, when facing with
unavoidable movement errors, the robot still encounters the
self-entanglement issue, as no existing trajectory planner can
iteratively generate robot commands complying with SEF con-
straint. This paper fills this gap by explicitly introducing the
tether-robot relative angle estimation and the SEF constraint
into existing optimisation-based framework. Simulated and
real-world experiments have revealed its validity to guide the
robot towards the goal with minimised self-entanglement risk.
The open-source implementation has been released as a C++
ROS package for the benefits of the community.
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