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Abstract— Snake robots equipped with sensors and tools
could potentially contribute to applications such as fire-fighting,
industrial inspection, search-and-rescue and more. Such capabilities would require that a snake robot has a high degree of
awareness of its surroundings (i.e. perception-driven locomotion)
and is able to exploit objects and irregularities in its environment to gain propulsion (i.e. obstacle-aided locomotion).
In this work, a simplified snake robot model is proposed to
deal with a lower-dimensional system that allows for establishing the foundation elements of perception-driven obstacle-aided
locomotion. To achieve this, a virtual partitioning of the snake
into parametrised virtual functional segments (VFS) is presented
based on the concept of virtual constraints (VC). The snake
robot body is approximated by using a chain of continuous
curves with the fewest possible parameters. These parameters
can be treated as degrees of freedom of a “constrained system”
and consequently be subjected to modelling and control at a
higher abstraction level. The main contribution of the proposed
conceptual approach is that the robot joint space can be reduced
into a lower-dimensional space for articulation. This concept
replaces the analysis of the individual mechanical degrees of
freedom of the snake by the analysis of the functional roles of
the parametrised VFS. The VFS are defined in relation to task
space coordinates, and the roles of the physical links and joints
change according to a defined set of transition events as they
move along the robot’s path. This method is a preliminary step
towards realising perception-driven obstacle-aided locomotion for
snake robots.
Index Terms— virtual constraints, obstacle-aided locomotion,
snake robots.

I. I NTRODUCTION
Snake robots could be used for a wide range of applications if they were able to mimic the ability of locomotion
which biological snakes exhibit as they gracefully traverse a
wide range of different and complex environments. Potential
applications for snake robots include fire-fighting, search
and rescue and industrial inspection in difficult-to-access or
potentially dangerous areas. A key to efficient snake robot
locomotion is to exploit irregularities in the terrain. This latter statement is inspired by the fact that the fastest biological
snakes push against rocks, stones, and other irregularities in
the terrain to move forward efficiently [1]. This paper is a
step towards such snake robot locomotion.
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Fig. 1: The idea of modelling a virtual partitioning of the
snake in parametrised virtual functional segments (VFS) to
realise perception-driven obstacle-aided locomotion.
Our research group has undertaken a broadly based program to overcome the obstacles to practical deployment of
snake robot locomotion in cluttered environments. Under
such circumstances, the snake robot must exploit walls or
external objects, other than the flat ground, for means of
propulsion. This kind of locomotion can be defined as
obstacle-aided locomotion [2]. To achieve this challenging
control scheme, a mathematical model that includes the
interaction between the snake robot and the surrounding
operational environment is required. This model must take
into account the external objects that the snake robot uses in
the environment as push-points to propel itself forwards. In
this perspective, the environment perception, mapping and
representation is of crucial importance for the model. We
use the term perception-driven obstacle-aided locomotion
as locomotion where the snake robot utilises a sensoryperceptual system to perceive the surrounding operational
environment, for means of propulsion [3], [4].
The development of perception-driven obstacle-aided locomotion is challenging partly because a high number of
degrees of freedom is required to be controlled. Indeed, snake
robots are kinematically hyper-redundant robots. Research
on snake robots has been conducted for several decades.
However, practical applications of these mechanisms are still
very limited since their potential in terms of mobility has
not yet been realised. The greater part of existing literature
on control of snake robots considers motion across smooth,
usually flat, surfaces. This can be attributed to the following
main reasons [5]:
• most of the previous kinematic modelling techniques
have not been particularly efficient or well suited to the
needs of hyper-redundant robots;

the mechanical design and control of snake robots as
hyper-redundant robots has been perceived as unnecessarily complex;
• a model that suits the purpose of the interaction between
the snake robot and the surrounding environment is still
missing.
In this paper, the possibility of simplifying the snake
robot model to deal with a lower-dimensional system is
considered aiming at establishing the foundation elements
of perception-driven obstacle-aided locomotion. To this end,
a virtual partitioning of the snake in parameterised virtual
functional segments (VFS) is proposed inspired by the concept of virtual constraints (VC) [6]. In literature, a similar
approach was successfully applied to other similarly complex
hyper-redundant systems, such as hands and manipulators.
In particular, Arbib et al. introduced the concept of virtual
finger as an abstract representation through which the human
brain plans grasping tasks [7]. The virtual finger represents a
functional unit comprised of at least one real physical finger
(which may include the palm); the real fingers comprising
a virtual finger act in unison to apply an opposing force on
the object and against the other virtual fingers in a grasp.
This effectively reduces the many degrees of the human
hand to those that are deemed necessary to perform the
grasping task. This concept replaces the analysis of the
mechanical degrees of freedom of individual fingers by the
analysis of the functional roles of forces being applied in a
grasp. MacKenzie et al. also adopted the concept of virtual
finger as an abstract representation, a functional unit, for a
collection of individual fingers and hand surfaces applying
an oppositional force [8]. Obviously, the context of hand
grasping is different from the context of snake locomotion.
However, the idea of simplifying the model by dealing with
a lower-dimensional system can be borrowed.
Referring to Fig. 1, the snake robot exploits the environment for locomotion by using sensor-based information:
obstacles are recognised, potential push-points are chosen,
while achievable normal contact forces are illustrated by
arrows. The underlying idea is to approximate and model
the snake robot body by using a chain of continuous curves
(named parametrised virtual functional segments) (VFS) with
the fewest possible parameters. These parameters can be
considered as degrees of freedom in a “constrained system”
and therefore be subjected to modelling and control at a
higher abstraction level. At the underlying abstraction level,
the joints of the robot must then be controlled to fit the
links within the corresponding parametric curve according to
a selected criterion. The main contribution of the proposed
approach is that the robot joint space can be characterised
into a lower-dimensional space for articulation. This effectively reduces the many degrees of the snake robot to
those that are strictly necessary to perform the locomotion
task. This concept replaces the analysis of the individual
mechanical degrees of freedom of the snake by the analysis
of the functional roles of the parametrised virtual functional
segments (VFS).
The paper is organised as follows. A review of the
•

related research work is described in Section II. To realise
perception-driven obstacle-aided locomotion, a hierarchical
control framework is proposed in Section III. The proposed
virtual functional segment (VFS) parametrisation model is
presented in Section IV. A proposed control approach based
on the VFS model is presented in Section V. Finally,
conclusions and future work are outlined in Section VI.
II. R ELATED RESEARCH WORKS
Related work on snake locomotion include the possibility
of undulating the robot’s joint angles according to parameterised sine waves [9], follow-the-leader controllers [10],
and central pattern generators [11]. However, the greater part
of existing literature on control of snake robots considers
motion across smooth, usually flat, surfaces. An alternative
approach is based on the possibility of adjusting the robot’s
shape to cluttered environments by controlling joint angle
trajectories. For instance, our research group implemented
a similar approach based on feedback from tactile sensors
[12]. To do this a specific control law is adopted to resolve
situations where the snake robot is jammed between obstacles. The controller uses measured contact forces along
the snake body to maintain propulsion. Even though this
approach has shown some successful performance, one of
the main limitation is that adapting trajectories to an irregular
environment by controlling joint angle trajectories is difficult.
An alternative approach is inspired by the ability of
biological mechanisms to precisely control the forces of
their muscles. In this perspective, torque control is a vital
component to achieving adaptive and compliant motions.
Based on this idea, different methods of achieving compliant
motion with a snake robot by controlling the torques exerted
by the joints of the robot were presented by the Robotics
Institute at the Carnegie Mellon University [13]. These
control strategies are implemented on a snake robot that
includes series elastic actuation (SEA) and torque sensing at
each joint, and demonstrate compliant locomotion that adapts
automatically to the robot’s surrounding terrain. This work is
very pragmatic and has shown some success. However, the
underlying idea is based on a blind oscillation and adaptation
of the torque to the surrounding obstacles. We hypothesize
that exploiting full knowledge of the robot’s configuration
and surrounding environment can be more beneficial and
can produce more reliable results with hopefully better
performance. In this regard, our research group presented
a novel method that allows for deriving an explicit relationship between motor torques and obstacles forces based
on a static analysis [14]. The proposed method makes it
possible to ensure that the sum of the forces acting on a
snake robots due to obstacle contact takes a desired value.
This yields an optimisation problem, where the goal is to
minimise total energy expenditure (using motor torques as
a proxy) while achieving the desired propulsion force. The
effectiveness of the proposed approach was verified through
simulations. Later, an explicit, algebraic relationship between
motor torques and obstacle forces, based on a fully dynamic
model was successively presented in [15].
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Fig. 2: The proposed hierarchical control framework.
One of the main reasons why snake adaptive locomotion is
difficult to achieve is that snake robots are hyper-redundant.
Hyper-redundant robots have a large number of degrees of
freedom. Many degrees of freedom give a robot the potential
to navigate a wide range of environments by actively changing its overall shape. However, this same trait makes them
difficult to control. These robots have been investigated in
varying forms in the past literature and can be considered as
sources of inspiration. According to the literature on hyperredundant robots, a possible approach to deal with highdimensional systems consists in defining virtual constraints
(VC) [6]. In particular, VC are relations among the links
of the considered mechanism that are dynamically imposed
through feedback control. Defining VC makes it possible to
coordinate the evolution of the various links throughout a
stepwise approach with the goal of achieving a closed-loop
mechanism. In this perspective, the definition of VC makes it
possible to reduce the complexity of the problem in terms of
degrees of freedom with the goal of achieving a closed-loop
mechanism whose dynamic behaviour is fully determined by
the evolution of a simpler lower-dimensional system (virtual
limit system).
With this in mind, a virtual segmentation of the snake
robot in parametrised virtual functional segments (VFS) is
presented in this paper based on the concept of virtual
constraints (VC). To the best of our knowledge, no similar
models have been developed for snake robots. The main
contribution of this paper is to propose such a model.
III. A HIERARCHICAL CONTROL FRAMEWORK
To realise perception-driven obstacle-aided locomotion, a
hierarchical control framework is proposed, as shown in
Fig. 2. The following different abstraction levels are defined:
• Perception/Mapping: this level is responsible for achieving the functions of sensing, mapping and localisation.
The snake robot’s sensory-perceptual data are used to

produce a representation of the surrounding environment. This includes the geometrical representation of
surrounding elements (e.g. obstacles), localisation of the
snake robot relative to some common reference frame,
and even some other properties that can be derived
either directly from the sensors, or together with other
knowledge sources (e.g. stiffness, friction, safety). The
snake robot must be able to detect contacts between
its own body and the environment. The output from
this level matches the expected input from the planning
algorithm, which involves parsing or segmenting the
resulting representations (e.g. point-clouds) into simplified and more manageable data (e.g. positions of the
obstacles).
• Motion planning: this level is responsible for decisionmaking, path-planning and mission planning activities.
External system commands and the snake robot’s perception/mapping data (i.e. obstacles relative location
and properties) are used to provide an input to this level.
External commands may come from external systems or
from human operators. The expected output from this
level is the robot’s path.
• High-level control: this level is responsible for mapping
a desired parametrised path to obstacle contact forces,
and these forces to control inputs for the joint actuators,
given a desired robot velocity. The inputs for this level
are the desired robot shape (which is the output from
the level ahead), the desired robot velocity (which can
be set by external system commands, i.e a joystick or
a mission control entity) and the actual contacts (which
are given from the below level through the robot’s tactile
perceptual system). The expected output from this level
consists of motor torques for the joint actuators that are
used as thrusters for the movement along the path, while
joint reference angles are provided to the joint actuators
that are position-controlled for the movement across the
path.
• Low-level control: this level is responsible for the lowlevel control of individual joints. Tactile perceptual data
are also collected to determine contacts that are used
from the above levels.
In this work, we assume that perception/mapping and
motion planning levels have been implemented by higherlevel control strategies. The low-level control of individual
joint angles or torques is briefly touched upon, but not in
detail, as this has been covered by previous authors (see, i.e,
[16]). The component of the control hierarchy covered here
is the High-level control layer that deals with how to map a
desired path to obstacle contact forces, and these forces to
torques.
IV. Virtual functional segment (VFS) PARAMETRISATION
MODEL

In this section, the proposed virtual functional segment (VFS) parametrisation model of serpentine robots for
perception-driven obstacle-aided locomotion is presented. In
this model, the following assumptions are considered:
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Fig. 3: The proposed virtual functional segment (VFS)
parametrisation of serpentine robots for perception-driven
obstacle-aided locomotion: P represents the propulsive VFS,
D represents the directive VFS and T represents the transport
VFS.
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P VFS. The sole purpose of D virtual functional segments is
to “point toward” the beginning of the next P VFS, so that
the next section, which is named transport, T, VFS can be
completely straight. Thus, each D VFS splices together a P
and a T VFS. D virtual functional segments are characterised
by only one parameter, namely the angle of curvature, θd .
The control idea is to have a minimum radius of curvature,
Rd , so that we “consume” the least amount of snake length
for this segment.

C. Transport (T) VFS
Fig. 4: A virtual functional segment and the corresponding
parameters.
the snake robot moves in a two-dimensional plane;
the robot is assumed to have infinite, infinitely short
link-segments, so that it can be considered as a continuous curve.
A virtual functional segment (VFS) is defined as a coherent section of the snake robot. A VFS may extend over any
number of physical links but it may not overlap with other
virtual functional segments. Each joint of the snake robot
belongs to exactly one VFS at a time.
Virtual functional segments can be categorised into three
distinct classes with fundamentally different functions. As
illustrated in Fig. 3, we identify propulsive, P, virtual functional segments, directive, D, virtual functional segments
and transport, T, virtual functional segments. These different
virtual functional segments are presented in the following.
•
•

A. Propulsive (P) VFS
The propulsive, P, virtual functional segments are illustrated with orange colour in Fig. 3. Each of these VFS
represents a section of the snake that pushes against an
obstacle to provide forward propulsion. Referring to Fig. 4,
the P virtual functional segments can be parametrised with
two parameters: the curvature radius, r, and the subtended
angle, θ , (i.e. the VFS forms a circular arc determined by
these parameters). Alternatively, each P VFS can be a straight
line, parametrised by its length l.
B. Directive (D) VFS
The directive, D, virtual functional segments are highlighted with green colour in Fig. 3. A D VFS follows each

The transport, T, virtual functional segments are highlighted with blue colour in Fig. 3. Each T VFS is a section of
the snake body, which is located between a D VFS and the
previous P VFS, forming a straight line with one parameter,
the length.
We postulate that a snake robot can shape its body according to the three “primitives” – P, D, and T virtual functional
segments – to traverse any combination of obstacles wherein
it is physically possible for the snake body to fit between and
such that the obstacles are not spaced too far apart compared
to the overall length of the snake robot. For each obstacle
(or each group of obstacles located sufficiently close) we
must calculate the required torque. In this perspective, the
control of the snake joints becomes similar to a curve fitting
procedure of a parametrised, continuous curve [17]. The
curve parameters must be adaptive as a function of the sensor
information.
If the snake robot is in contact with four obstacles (as
shown in Fig. 3), the problem is reduced to a maximum
of 4 × 4 = 16 degrees of freedom plus the snake robot
global position and orientation. Since three of the variable
parameters are associated with their obstructions and the last
(T VFS length) is linked to two neighbouring obstacles,
this problem becomes quite “separable”. This means that
we can look at each obstacle separately and then only
“splice together” (P and D) virtual functional segments with
a straight T VFS.
It should be noted that the P virtual functional segments
act as thrusters for the robot. The physical links of the robot
“twist” themselves in the direction of propulsion and (after
passing the D virtual functional segments) become part of
T virtual functional segments. It is through the P virtual
functional segments that the snake effectively moves forward.

D. VFS state transition

f2
nˆ2

According to the proposed model, each joint of the snake
robot belongs to exactly one VFS at a given time. To give
an abstract description of the behaviour of proposed model
a state diagram can be used.
In case of sparse obstacle distribution with a low spatial
density (compared to the length of the robot’s links), the state
diagram shown in Fig. 5 can be used to describe the system.
Once the snake robot body reaches some obstacles, each
robot joint which is part of a section that curves around an
obstacle belongs to a propulsive, P, VFS. When the obstacle
is left and it is necessary to point toward the next obstacle,
then a discrete transition is executed for each joint from a
propulsive, P, VFS to a directive, D, VFS. Once the direction
toward the next obstacle is set, then a discrete transition is
executed for each joint from a D VFS to a T VFS. Finally,
when the next obstacle is reached, a discrete transition is
executed for each joint from a T VFS, to a P VFS.
It should be noted that a smooth transition of each joint
from one type of VFS to another must be ensured as the
joint angles cannot change instantly.
V. C ONTROL APPROACH
In this section, a control approach is presented based on
the theoretical foundations proposed in [14]. With respect to
this previous work, the aim of the current work is to seek
for a more pragmatic approach to the problem of perceptiondriven obstacle-aided locomotion. In particular, we are not
interested in determining the acceleration of the snake center
of mass because we assume that it is intrinsically given by
the path. In this perspective, the aim of the proposed control
approach is to reduce the problem from a multi-dimensional
problem to only one direction along the path.
A. The obstacle triplet model
According to a review of lateral undulation as it occurs
in nature presented in [18], at least three simultaneous pushpoints are necessary for this type of motion to take place.
This fact was also pointed out in [14]. Based on this fact, we
study the control model for the case where the snake robot
is in contact with three simultaneous push-points, as shown
in Fig. 6. The three simultaneous push-points are selected at
alternating sites of the path and indicated as o1 , o2 , o3 . We
use the term obstacle triplet model to describe this particular
scenario. The aim is to reduce the problem from a multidimensional problem to only one direction along the snake
path.
To obtain the equations describing the snake robot’s behaviour for the obstacle triplet model and ensure a wellformulated problem, some assumptions have to be made:
1) a path, S(s), with s being the path length parameter,
is known. The obstacle locations, o1 , o2 , o3 , are also
known;
2) the snake is always on the path S(s);
3) the snake is planar;
4) the snake is continuous;
5) there is no ground or obstacle friction;
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Fig. 6: The obstacle triplet model. Each obstacle is represented by a round dot, while a possible path for which the
snake robot could follow is suggested by the dashed line.
6) the snake is at rest;
7) the snake tail link is tethered to the ground, as shown
in Fig. 6. The tether is unactuated. No tangential
movements are allowed. The tail is not restricted in any
other way. A tensile force, fs , acts along the tangent
at o1 ;
8) the snake is perfectly rigid except at the point where
an internal torque can be applied. The obstacles are
perfectly rigid and fixed to the ground surface;
9) we choose to apply an internal torque, τ, at a known
point, p23 , on the path (i.e. snake) between o2 and o3 ,
as shown in Fig. 6.
Each force acting on the snake from an obstacle consists
of two components: one normal to the snake body at the
contact point and one tangent to the snake body acting on
the same point. Referring to the considered scenario as shown
in Fig. 6, the triplet of contacts generate the forces f1 , f2 , f3 ,
which are normal to the snake body at each contact point.
The normal and tangent unit vectors are indicated as n̂i and
tˆi respectively, where i = 1, 2, 3. By using the normal and
tangent unit vectors, the considered forces, fs , f1 , f2 , f3 , can
be expressed as follows:
fs , | fs |(−tˆ1 ),
f1 , | f1 |n̂1 ,
f2 , | f2 |n̂2 ,

(1)

f3 , | f3 |n̂3 .
It should be noted that, by using the right-hand rule, for each

which, because of (4), can be rewritten as:
r
(r × τ + | fr | ) · tˆ3 = 0.
|r|
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Fig. 7: A detail showing the internal torque, τ, applied at a
known point, p23 , on the path (i.e. snake) between o2 and
o3 .
contact point, oi , the following relationship is valid:
 
0
n̂i × tˆi =  0  ,
±1

(2)

where the sign of the third component indicates on which
side of the obstacle the snake is (+1 for obstacles to the left
of the snake, when being on the snake and moving from the
tail, and vice versa).
According to the assumption 9, an internal torque, τ,
is applied at a known point, p23 , on the path (i.e. snake)
between o2 and o3 . We assume that this torque is acting on
everything to the right of p23 . This torque makes the snake
straighten. This produces a counter force, fτ , acting at the
obstacle o3 , as shown in detail in Fig. 7. The torque radius is
denoted as r and it is known because of assumption 1, 2 and
9. Since there is no friction by assumption 5, the total force
from o3 on the snake must be perpendicular to the tangent
at o3 . With respect to the global reference frame, the torque,
τ, and the corresponding counter force, fτ , can be denoted
as follows:
 
 
fτx
0
τ =  0  , fτ =  fτy  .
(3)
τz
0
Since the contact force, f3 , is normal to the snake body
at the point o3 , the following relation is valid:
f3 · tˆ3 = 0.

(4)

Referring to Fig. 7, the contact force, f3 , can be obtained
as:
f3 = fτ + fr ,
(5)
where, by using the definition of torque, the counter force,
fτ , can be expressed as:
fτ = r × τ,

(6)

(9)

This in turn can be rewritten as follows by using the distributive property of the dot product and the anti commutative
property of the cross product:
r
(10)
| fr | · tˆ3 = (τ × r) · tˆ3 .
|r|
It follows that:
| fr | =

(τ × r) · tˆ3
.
r ˆ
|r| · t3

(11)

Consequently, because of (8) and (11), f3 can be rewritten
as:
#
"
(τ × r) · tˆ3 r
f3 = r × τ +
.
(12)
r ˆ
|r|
|r| · t3
By considering the assumption 6 of static conditions, the
following force balance equation can be obtained:
fs + f1 + f2 + f3 = 0,

(13)

where, fs , f1 , f2 are unknown variables, while f3 is given
by (12). It should be noted that (13) is only relevant for
the x and y components and, therefore, it represents only 2
relevant equations, one for the x axis and one for the y axis.
Consequently, we have 2 equations and 3 unknown variables.
One more equation is required to completely determine the
considered system.
To obtain another relevant equation, the torques exerted
on the robot about the global origin by the external forces
can be considered as follows:
o1 × ( fs + f1 ) + o2 × f2 + o3 × f3 = 0.

(14)

This equation is only relevant for the z axis. Therefore, by
combining (12), (13) and (14), we have 3 equations and 3
unknown variables, fs , f1 , f2 . Consequently, the considered
system is now completely determined. It should be noted
that singularities may arise but they are not considered in
this study. Based on equations (12), (13) and (14), the
bending torque τ can be uniquely computed at any point.
In other words, given any point, s, on the path, it is possible
to uniquely express the bending torque as a function of
fs , f1 , f2 , f3 :
τ(s) = f ( fs , f1 , f2 , f3 ).
(15)
Equivalently, this means that the tensile force, fs , can be
obtained as a function of τ(s), f1 , f2 , f3 :

while fr is the force component parallel to the torque radius,
r, and by definition can be expressed as:
r
(7)
fr , | fr | .
|r|

It is then clear that the only necessary control variable is
τ(s). In this perspective we can state the following remark.

By combining (5), (6) and (7), the contact force, f3 can
be rewritten as:
r
f3 = r × τ + | fr | ,
(8)
|r|

Remark 1. For an obstacle triplet model (3 contact points),
only one control variable, τ(s), is needed to achieve obstacleaided locomotion. The torque, τ(s), can be applied at any
point and it can be seen as a thruster for the snake robot.

fs = g(τ(s), f1 , f2 , f3 ).

(16)

Note that the torque, τ(s), is referred to a random point
p23 between o2 and o3 , and represents the single free variable
in the system depicted in Fig. 7. When using this variable
for controlling the snake’s motion, it could be applied at any
relevant point in this path interval. The rest of the snake could
then be kept rigid according to the specified path geometry.
In this case, if an obstacle moves or its position is calculated
slightly wrong, the snake will adapt to this discrepancy by
bending at the point of application of τ(s). However, this will
cause a non-smooth geometry, which might not be desirable.
To avoid this, one of the segments containing the point p23
can be subjected to a circularity constraint with a curvature
equal to the one at the point p23 . Thus, if the snake needs to
adapt to the mentioned type of path discrepancy, the change
in geometry will be distributed over an entire VFS instead
of the whole movement taking place at a single point.
VI. C ONCLUSIONS AND FUTURE WORK
In this paper, we have presented a simplified snake robot
model to deal with a lower-dimensional system with the
aim of establishing the foundation elements of perceptiondriven obstacle-aided locomotion. The presented model is
based on a virtual partitioning of the snake into parameterised
virtual functional segments (VFS) which corresponds to the
imposition of virtual constraints (VC) [6]. The underlying
idea is also inspired by other similarly complex hyperredundant systems, such as hands and manipulators, where
the concept of virtual finger was previously exploited [7],
[8].
For a snake robot, we have defined propulsive, P, directive,
D, and transport, T, virtual functional segments, which are,
in principle, stationary with respect to the environment. The
P VFS generate the contact forces that collectively propel
the snake robot forward. The virtual functional segments are
defined in relation to task space coordinates, and the roles of
the physical links and joints change according to a defined set
of transition events as they move along the robot’s path. The
main contribution of the proposed model is that the robot
joint space can be characterised into a lower-dimensional
space for articulation.
In addition, the model proposed in this work builds up
on the work that our research group previously presented
in [14], [15]. In particular, we have proved that, for the
obstacle triplet model (with 3 simultaneous push-points at
alternating sites of the path), only one control variable for
the torque is needed to achieve obstacle-aided locomotion.
This propulsive torque can be applied at any point along
the path and it can be seen as a thruster for the snake
robot. This method contributes towards the preliminary stage
for realising perception-driven obstacle-aided locomotion for
snake robots.
Several future extensions naturally spring to mind from
the preliminary model presented in this paper. The proposed
approach needs to be validated, i.e. in simulation and/or
physical experiments. Another future work is to extend the
obstacle triplet model to n obstacles, to consider friction and
to extend the model to a three-dimensional case. The case

of not having alternating sites for the obstacles must also be
considered in the future.
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