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ABSTRACT:

Soft robotic manipulators are increasingly investigated for minimally invasive medical intervention because their
intrinsic compliance allows safe interaction with delicate anatomical structures while their continuum architecture
enables navigation through tortuous natural or surgically created pathways. However, the same compliance that
confers safety also introduces kinematic redundancy, nonlinear actuation-to-shape mappings, and configuration-
dependent stiffness that complicate motion planning and control. This paper presents a unified kinematic
optimisation framework for tendon-driven and hybrid-stiffness soft manipulators intended for confined-space
medical procedures such as laparoscopy, endoluminal navigation, and transoral surgery. Building on piecewise
constant-curvature (PCC) and Cosserat-rod continuum formulations, we develop a multi-objective optimisation
formulation that simultaneously maximises reachable dexterous workspace, minimises tip positioning error under
external tissue-contact loading, and regulates task-space stiffness through auxiliary backbone insertion. The
Jacobian-based manipulability and compliance-ellipsoid formulations are used to construct differentiable cost
terms suitable for gradient-based and evolutionary optimisation. A representative case study—navigation of a
dual-segment tendon-driven manipulator toward a simulated pancreatic target through a constrained laparoscopic
port—is used to illustrate the framework. Results indicate that joint kinematic-and-stiffness optimisation improves
the trade-off between reachability and positional accuracy relative to single-objective curvature optimisation,
while remaining computationally tractable for pre-operative planning. The paper concludes with a discussion of
open challenges, including real-time re-optimisation under tissue deformation and the incorporation of contact-
rich Cosserat models into the optimisation loop.

Keywords: Soft Robotics, Continuum Manipulators, Kinematic Optimisation, Cosserat Rod Theory, Minimally Invasive
Surgery, Compliance Ellipsoid, Tendon-Driven Robots

INTRODUCTION

Robot-assisted minimally invasive surgery (MIS) has matured over three decades from early laparoscopic camera
holders to fully articulated, teleoperated rigid-link systems capable of sub-millimetre precision. Despite these
advances, rigid-link robotic instruments remain fundamentally constrained by their kinematic architecture: each
additional degree of freedom (DoF) requires a discrete joint, actuator, and transmission, all of which must be
miniaturised to fit through small-diameter ports or natural orifices. This constraint becomes acute when a
procedure requires the instrument to traverse curved anatomical channels, operate in confined cavities, or make
gentle, compliant contact with friable tissue such as pancreatic parenchyma, neural bundles, or vascular walls.

Soft and continuum robotic manipulators address this limitation by distributing bending compliance along an
elastomeric or superelastic backbone rather than concentrating it at discrete joints. Because deformation is
continuous, a soft manipulator can, in principle, assume an infinite family of smooth shapes using a comparatively
small number of actuators (tendons, pneumatic chambers, or concentric pre-curved tubes). This property is highly
attractive for medical applications: the manipulator can conform to curved lumens, distribute contact forces over
a larger surface area, and reduce the risk of tissue perforation relative to a rigid instrument of equivalent reach.

The price of this compliance is a substantially more complex relationship between actuation input and manipulator
shape. Unlike rigid serial manipulators, whose forward kinematics is a closed-form composition of homogeneous
transformations parameterised by a finite joint vector, a soft manipulator's configuration is, strictly speaking, an
infinite-dimensional object—a continuous curve in SE (3)governed by the equilibrium of internal elastic forces,
external loads (gravity, tissue contact, insufflation pressure), and actuator forces. Practical modelling therefore
relies on reduced-order approximations: piecewise constant-curvature (PCC) kinematics for fast, closed-form
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estimates, and Cosserat-rod mechanics for higher-fidelity prediction of shape under external loading. Both
formulations expose a kinematic optimisation problem: given a desired task (reach a target, avoid an obstacle,
deliver a fibre-optic tip at a prescribed orientation, or grasp tissue with bounded contact force), what actuation
trajectory and, where available, auxiliary stiffness-modulation input best satisfies the task while respecting the
manipulator's physical constraints?

This paper develops a kinematic optimisation framework tailored to medical intervention scenarios. Three features
distinguish medical applications from generic continuum-robot motion planning and motivate the specific
formulation adopted here. First, the workspace that must be reached is typically small and irregularly bounded by
rigid anatomical structures (bone, trocar geometry, adjacent organs), so optimisation must explicitly balance
reachability against collision avoidance. Second, the manipulator must exert or withstand external loads—for
example, gentle retraction of tissue, or the reaction force of a diffusing fibre pressed against a target for
photodynamic or thermal therapy—so the optimisation objective must include a task-space stiffness or compliance
term, not merely a positional error term. Third, many practical soft-manipulator designs used clinically or pre-
clinically incorporate a secondary stiffness-modulation mechanism, such as a slidable superelastic backbone or a
controllable phase-change layer, which introduces an additional decision variable that trades reachable workspace
against resistance to deflection under load. The framework below treats this stiffness-modulation depth as a first-
class optimisation variable alongside the tendon actuation vector.

The remainder of the paper is organised as follows. Section 2 reviews prior work on continuum-robot kinematics
and optimisation-based motion planning for medical soft robots. Section 3 develops the kinematic models used in
this study, covering both PCC and Cosserat-rod formulations. Section 4 formulates the multi-objective kinematic
optimisation problem, including the manipulability and compliance-ellipsoid cost terms. Section 5 describes the
numerical optimisation procedure. Section 6 presents an illustrative case study of laparoscopic targeting. Section
7 discusses results and limitations, and Section 8 concludes.

RELATED WORK

2.1 Continuum Robot Kinematics

Early continuum-robot kinematics relied on the constant-curvature assumption, under which each manipulator
section is modelled as a circular arc of constant curvature k, and the full-shape forward kinematics reduces to a
composition of a small number of homogeneous transformations parameterised by curvature, bending-plane angle,
and arc length. This approach yields closed-form Jacobians and remains widely used for real-time control because
of its computational efficiency, although it neglects the effect of external loads, gravity sag, and material
nonlinearity, all of which are significant when a manipulator contacts tissue.

To capture load-dependent deformation, several groups adopted the Cosserat-rod formulation, which models the
manipulator as a one-dimensional elastic rod subject to distributed and point forces and moments, coupled with
tendon or fluidic actuation models. This approach yields a two-point boundary-value problem typically solved via
a shooting method, and has been validated for tendon-driven continuum robots, concentric-tube robots, and, more
recently, hybrid designs that combine a compliant elastomeric body with a slidable stiff backbone to achieve on-
demand stiffness modulation without permanently altering the intrinsic compliance of the body. Finite-element
approaches offer a third alternative, trading closed-form efficiency for the ability to model fully three-dimensional,
potentially anisotropic elastomeric bodies, at higher computational cost.

2.2 Stiffness Modulation Mechanisms

Because pure elastomeric continuum robots are inherently compliant, several stiffness-modulation strategies have
been proposed to allow a soft manipulator to bear or transmit load once positioned: thermally activated shape-
memory materials and low-melting-point alloys; magneto- and electro-rheological fluids; granular- or layer-
jamming mechanisms; antagonistic actuation; and slidable rigid or superelastic backbones inspired by concentric-
tube robot design. Backbone-insertion approaches are attractive for medical use because they achieve fast, low-
voltage, electromechanically actuated stiffness change without the bulk of jamming pumps or the safety concerns
of high electric fields, and because stiffness can be varied continuously during manipulation rather than only after
a target pose is reached.
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2.3 Optimisation-Based Planning for Medical Continuum Robots

Motion-planning research for continuum and concentric-tube robots has explored trajectory optimisation for path
following, obstacle-aware inverse kinematics, and design optimisation of manipulator geometry (tube curvature,
segment length, number of segments) for a specified anatomical workspace. Comparatively less attention has been
given to joint optimisation of kinematic actuation and stiffness-modulation depth, despite the fact that many recent
hybrid-stiffness designs expose insertion depth as an independently controllable variable. This paper addresses
that gap by formulating stiffness-modulation depth as an optimisation variable alongside tendon tension, and by
explicitly incorporating a compliance-ellipsoid penalty that reflects the manipulator's resistance to deflection
under anticipated tissue-contact loads.

KINEMATIC MODELLING OF SOFT MANIPULATORS

3.1 Piecewise Constant-Curvature Kinematics
For a manipulator composed of Nsections, each of length #;, the shape of section iis parameterised by curvature
K;and bending-plane angle ¢;. The homogeneous transformation from the base of section ito its tip is

T, (ki i, ;) = [Ri(K(i)' ) Pi(Ki'1¢i» {)i)] (1)

where
1 |cos ¢; (1 — cos(k;?y))
p; =—|sing; (1 —cos(k;€)) |, k; # 0 2)
K; .
Sln(Kigi)

and R;is the corresponding rotation matrix obtained from the standard PCC construction. The full forward
kinematics to the manipulator tip is the ordered product

Tip=T1 (1, @1, €1) To(icz, 2, €2) - Ty (e, by n)- 3)

For a tendon-driven section with n,tendons routed at radius rand angular offsets «,, actuator lengths A,relate to
(ki ¢;)through
A =kt rcos(dp; —ap),t=1,..,n 4

which provides the actuation Jacobian J,; = 0A/ d(x;, ¢;)used later in the optimisation gradient.

3.2 Cosserat-Rod Formulation with Auxiliary Stiffening Backbone

The PCC model neglects external load and shear, both of which are significant in medical contact tasks. We
therefore adopt a Cosserat-rod description for load-aware optimisation. The manipulator backbone is
parameterised by arclength s € [0, L], position p(s) € R3, and orientation R(s) € SO(3), evolving according to

p(s) = R(s) v(s),R(s) = R(s) A(s), (&)

where v(s)and u(s)are the linear and angular strain rates in the local frame, and (- )denotes the skew-
symmetric map. Internal force n(s)and moment m(s)satisfy the static equilibrium equations
n

i) == f() - =pg  ©
() = =pE X = Y LD =l ()

where f;, [.are tendon-induced force and moment, f,, l.are externally applied contact force and moment (e.g.
tissue reaction), pis the linear mass density, and gis gravity. A linear constitutive law closes the system,

n(s) = R(s) Ksg(v(s) — v*),m(s) = R(s) Kpr (u(s) —u’), ®)

with Kgp = diag(k%s, kg, kZp)and Kgr = diag(kEr, kyy, kZr)the shear/extension and bending/torsion stiffness
matrices.
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For manipulators employing a slidable superelastic backbone of insertion depth d € [0, L](e.g. a Nitinol core
sliding within a central lumen of a tendon-driven elastomeric body), the overlapped region s € [0, d]exhibits
combined stiffness

K (S) = KBT,body + KBT,baCkbonet S S d (9)
o B KBT body s >d,

so that dacts as a continuous stiffness-scheduling variable: d = Orecovers the fully compliant tendon-driven
kinematics of Section 3.1, while d — Lapproaches the stiffness of the auxiliary backbone material, at the cost of
reduced achievable curvature for a given tendon actuation. Equations (5)—(9), together with boundary conditions
enforcing force/moment continuity at s = dand prescribed tendon tension and external load at the tip, form a two-
point boundary-value problem solved via a shooting method: an initial guess of n(0), m(0)is propagated forward
using a fourth-order Runge—Kutta integrator, and the residual at the tip boundary condition is driven to zero using
a nonlinear least-squares solver.

3.3 Manipulator Jacobian and Manipulability
Given either kinematic model, the tip-velocity Jacobian J(q)maps a generalised actuation-rate vector g(tendon
tensions, insertion depth rate) to tip twist,

I:(li))ti-p] :](q) q'q = [Kll ¢1! -~ KNy ¢N!d]T' (10)
tip

The Yoshikawa manipulability index,

w(q) = det(J(J(@)T), an

quantifies the local capacity of the manipulator to generate tip motion in arbitrary directions and forms one
component of the optimisation objective introduced below.

3.4 Compliance Ellipsoid
The task-space compliance matrix relates a small external force at the tip to the resulting tip displacement,
C(q) = 2P ¢ s (12)
aﬁip '

computed numerically by finite-difference perturbation of f; within the Cosserat model. Eigen-decomposition
C = U diag(4,, A,, A3) UTdefines the compliance ellipsoid
{6p:8pT(CCT) 16p = 1}, (13)

whose principal semi-axes 44, 4,, A;indicate the directions and magnitudes of greatest tip deflection under unit
force. In medical contact tasks the objective is typically to minimise the compliance-ellipsoid volume (or its
dominant eigenvalue) in the direction of anticipated tissue contact, i.e. to make the manipulator locally stiff along
the task-relevant axis while retaining compliance elsewhere for safety.

MULTI-OBJECTIVE KINEMATIC OPTIMISATION FORMULATION

4.1 Decision Variables and Constraints
The optimisation seeks a generalised configuration g* = [y, ¢4, ..., Ky, P, d] T (or, for trajectory optimisation, a
time sequence g*(t)) that best achieves a prescribed medical task subject to:

Gmin < 9 < qmax(actuator and insertion-depth limits), (14)
g9;(q@) =0,j =1,..., N.(anatomical collision-avoidance constraints), (15)
I T o< Tmax(tendon tension limit, to avoid tissue or material damage). (16)

Collision constraints g;(q)are constructed as signed-distance functions between sampled points along the

manipulator backbone p(s; g)and a segmented anatomical mesh (trocar wall, adjacent organ surfaces), obtained
pre-operatively from CT/MRI data.
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4.2 Objective Terms
(a) Target reaching error. For a prescribed target pose T; = (R4, Pa),

Epos(q) =l ptip(q) — Pa "%onri(q) =l log(R;irRtip(q))v "%: (17)

where log(-)Vextracts the axis-angle vector from the relative rotation.

(b) Dexterity / manipulability. To avoid configurations near kinematic singularities, and to preserve local
controllability for intra-operative micro-adjustment, we include

Eman(q) = _W(Q)' (18)
using the manipulability index of Eq. (11).

(c) Task-space stiffness. To ensure the manipulator can deliver a controlled force at the target (e.g. tissue
palpation, fibre-optic contact for photodynamic therapy) without excessive tip deflection, we penalise the
dominant compliance eigenvalue along the anticipated contact direction 7,.:

Egire(q) = ﬁIC(CI) fic. (19)

(d) Actuation effort. To favour low tendon tension and conservative backbone insertion (reducing risk of material
fatigue and excessive tissue contact force during approach),
ng
Eai()= ) 4B (0)

t=1
with Sa weighting coefficient penalising unnecessary backbone insertion.

(e) Obstacle clearance margin. A smooth barrier term augments the hard constraints of Eq. (15) to encourage a
safety margin &g,y

Ean(@) = ) max(0, 8y = g;(@) @1
j

4.3 Composite Objective
The multi-objective problem is scalarised via weighted summation,

q* = arg mqin [WlEpos(q) + WZEori(q) + W3Eman(q) + W4Estiff(q) + WSEeff(q) + W6Eobs(q)]s~t~ (14)'(16)' (22)

with weights wy, ..., wg = 0Oselected to reflect procedure-specific priorities (e.g. w;, w,dominant during approach,
w,dominant once the tip is in contact with tissue). Because the individual objectives are generally competing—
maximal manipulability tends to favour low backbone insertion, whereas task-space stiffness favours deep
insertion—the weighted-sum formulation is complemented by construction of the Pareto front via repeated
solution of (22) over a grid of weight vectors, allowing the clinician or planning software to select an operating
point rather than a single fixed trade-off a priori.

NUMERICAL OPTIMISATION PROCEDURE

5.1 Two-Stage Solution Strategy

Direct joint optimisation of the full Cosserat-rod boundary-value problem (Eqgs. 5-9) within an outer optimisation
loop is computationally expensive, since each objective evaluation requires an inner shooting-method solve. We
therefore adopt a two-stage strategy:

1. Coarse search (PCC surrogate). The PCC kinematics of Section 3.1 provide a closed-form,
differentiable surrogate for E,, E., and E,,,,. A gradient-based local optimiser (sequential quadratic
programming, SQP) or, where the objective is expected to be strongly multi-modal due to obstacle
constraints, a population-based evolutionary strategy (covariance matrix adaptation, CMA-ES) is used
to obtain a candidate solution set {q}rapidly.

2. Refinement (Cosserat model). Each candidate is refined using the full Cosserat-rod model, including
E i and load-dependent shape correction, via a limited number of trust-region iterations. The Jacobian
required for the trust-region step is obtained by central finite differences on g, exploiting the fact that the
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inner boundary-value solve is warm-started from the previous iterate, which substantially reduces
shooting-method iteration count.

5.2 Gradient Approximation

For the PCC surrogate, the analytic Jacobian dp,/ dgfollows directly from differentiating Eq. (3). For the
Cosserat-refinement stage, the compliance matrix C(q)and the sensitivity dp;,/ dqare approximated by central
differences,

Py Pip(q + €:6;) — Dyp(q — €:€)

2
24, 2, ) (23)

with per-variable step size €;scaled to the physical units of g;(radians for curvature/plane angle, millimetres for
insertion depth).

Design space
Initial parameter bounds

l

Stage 1: PCC coarse search
Fast low-fidelity global scan
J Candidate shortlist
Stage 2: Cosserat refinement
High-fidelity local optimisation
J/ Refined designs
Pareto weighting
Multi-objective trade-off ranking

|

Selected solution
Figure 1: a flowchart of the two-stage optimisation pipeline (PCC coarse search — Cosserat refinement
— Pareto weighting).

5.3 Constraint Handling

Box constraints (14) are enforced directly by the optimiser. Collision constraints (15) are implemented as
inequality constraints in the SQP stage and as penalty terms during the CMA-ES stage, consistent with the
corresponding solver's native constraint-handling mechanism. Tendon-tension limits (16) are checked post hoc at
each candidate configuration using the Cosserat tendon-force model; infeasible candidates are discarded before
refinement.

CASE STUDY: LAPAROSCOPIC TARGETING OF A PANCREATIC LESION

To illustrate the framework, we consider a representative scenario motivated by soft-robotic laparoscopic
photodynamic therapy: a two-segment tendon-driven manipulator with a central slidable superelastic backbone is
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inserted through a single laparoscopic port and must position its distal tip, carrying a diffusing optical fibre, against
a simulated lesion on the anterior pancreatic surface while avoiding the stomach, transverse colon, and bile duct.

6.1 Task Specification

The manipulator has total length L = 160mm, outer diameter 20mm, and four tendons per segment routed at
radius r = 8mm. The task specifies a target position p,located approximately 110mm from the port along a
curved approach path, with a desired tip-approach vector normal to the simulated lesion surface (orientation
tolerance +5°), and a minimum standoff clearance of 3mm from segmented organ boundaries elsewhere along
the backbone. During therapeutic contact, the manipulator must maintain a tip compliance eigenvalue A,below a
threshold representative of stable optical coupling, informed by the trend that backbone insertion substantially
reduces tip compliance in the major axis of the compliance ellipsoid relative to the fully compliant (zero-insertion)
configuration.

6.2 Objective Weighting

Two operating regimes are defined. During the approach phase, weights emphasise positional accuracy and
obstacle clearance (w; = w, = wg = 1, w; = 0.3, w, = 0, wg = 0.1) with backbone insertion depth constrained
near zero to preserve dexterity through the curved approach. During the contact phase, once the tip lies within a
small neighbourhood of p,, the weighting shifts to emphasise stiffness (w, = 1) and orientation accuracy (w, =
1), allowing dto increase toward the optimum determined by the trade-off described in Eqg. (9).

6.3 Illustrative Outcome

Solving the two-stage optimisation of Section 5 for this scenario yields two qualitatively distinct behaviours
consistent with the underlying mechanics. In the approach phase, the optimiser favours near-zero backbone
insertion, exploiting the larger dexterous workspace of the fully compliant configuration to route the tip around
the simulated colon boundary while satisfying the clearance constraint (21). As the tip enters the contact-phase
neighbourhood, the optimal insertion depth increases toward an intermediate value rather than the maximum
available depth—reflecting the same reachability/stiffness trade-off documented for backbone-stiffened soft
manipulators, in which excessive insertion depth stiffens the structure to the point that tendon actuation can no
longer achieve the required fine positional correction near the target, while insufficient insertion leaves the tip too
compliant to maintain stable contact under the reaction force of tissue engagement. This non-monotonic optimum
is a direct manifestation of objective terms Eand E,.,acting in opposition in Eq. (22), and would not be
discoverable using a stiffness-agnostic PCC-only planner that treats das fixed rather than as an optimisation
variable.

6.4 Sensitivity to Weighting

Repeating the contact-phase optimisation over a grid of (w5’ w,)traces a Pareto front between manipulability and
tip stiffness. Configurations near the manipulability-favouring end of the front retain a larger set of feasible tendon
actuations for fine tip-orientation correction but exhibit a larger major-axis compliance eigenvalue, increasing the
risk of tip drift during fibre-tissue contact; configurations near the stiffness-favouring end reduce compliance
substantially at the cost of a narrower actuation range for last-moment orientation correction. This front provides
a principled basis for pre-operative selection of an operating point appropriate to the specific therapeutic
requirement (e.g. photodynamic dose delivery, which tolerates modest positional drift, versus needle-guided
biopsy, which does not).

DISCUSSION

7.1 Implications for Medical Manipulator Design

The case study illustrates a general principle relevant to the design, not merely the control, of hybrid-stiffness soft
manipulators for medical intervention: because the optimal stiffness-modulation depth is task- and phase-
dependent, manipulator designs that expose insertion depth (or an equivalent stiffness variable) as a continuously
controllable parameter—rather than a binary "soft" or "locked" state—offer a materially larger feasible region in
the combined workspace—stiffness objective space. This supports design choices favouring electromechanically
actuated, continuously variable stiffness mechanisms over shape-memory or jamming-based approaches whose
response time or discretisation may be too coarse to track the approach-to-contact transition modelled in Section
6.
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7.2 Computational Considerations

The two-stage optimisation strategy of Section 5 renders the Cosserat-rod refinement tractable for pre-operative
planning, where solve times on the order of a second per configuration (as reported for comparable Cosserat-rod
shooting-method implementations) are acceptable. Intra-operative re-optimisation in response to organ motion or
tissue deformation, however, requires either a substantially faster inner solver—for example, a precomputed
Jacobian via the sensitivity equations of the boundary-value problem rather than finite-difference
approximation—or a reduced-order, PCC-based fallback with periodic Cosserat correction. This remains an open
engineering trade-off between model fidelity and control-loop bandwidth.

7.3 Limitations

The present formulation makes several simplifying assumptions consistent with the underlying continuum-
mechanics literature: friction between tendons, the auxiliary backbone, and the elastomeric body is neglected; the
backbone and manipulator medial axis are assumed concentric; and external loads are modelled as point
forces/moments at the tip or along discretised contact locations rather than as distributed, deformable-tissue
contact. Extending the optimisation objective to incorporate a validated tissue-contact model—rather than treating
f.as a prescribed input—would allow the framework to jointly optimise approach trajectory and applied force
profile, which is particularly relevant for tasks involving tissue retraction or palpation rather than static fibre-optic
contact. Additionally, the weighted-sum scalarisation of Eq. (22) requires a priori weight selection or repeated
Pareto-front sampling; a natural extension is to solve the true multi-objective problem using Pareto-based
evolutionary algorithms (e.g. NSGA-I11) to generate the trade-off surface in a single optimisation run, at increased
computational cost.

7.4 Toward Closed-Loop Kinematic Optimisation

Finally, the framework as presented is a planning-time (open-loop) optimisation. Coupling it with intra-operative
shape sensing—for example, fibre Bragg grating or electromagnetic tracking of the manipulator backbone—
would allow the compliance matrix C(q)and manipulability index w(q)to be updated online against measured,
rather than modelled, shape, closing the loop between the kinematic optimiser and the physical manipulator state
and compensating for the model-order-reduction errors inherent in both the PCC and Cosserat formulations.

CONCLUSION

This paper presented a kinematic optimisation framework for soft robotic manipulators intended for medical
intervention, unifying piecewise constant-curvature and Cosserat-rod kinematic models within a multi-objective
optimisation formulation that jointly considers target-reaching accuracy, manipulability, task-space compliance,
actuation effort, and anatomical obstacle clearance. A key contribution is the explicit treatment of auxiliary
stiffness-modulation depth as a first-class decision variable, motivated by hybrid-stiffness continuum manipulator
designs that combine a compliant elastomeric body with a slidable superelastic backbone. A two-stage
optimisation procedure—coarse PCC-based search followed by Cosserat-model refinement—was proposed to
render the formulation computationally tractable for pre-operative planning. A representative laparoscopic
targeting case study demonstrated that joint optimisation of kinematic configuration and stiffness-modulation
depth yields a non-trivial, phase-dependent optimum that balances dexterous reachability during approach against
positional stability during tissue contact, a trade-off inaccessible to stiffness-agnostic planners. Future work will
address intra-operative closed-loop re-optimisation under tissue deformation, incorporation of distributed contact-
mechanics models, and Pareto-based multi-objective solvers to replace the weighted-sum scalarisation adopted
here.
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