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Abstract

Haptic guidance is a powerful tool for people rehabil-
itation, for handcraft skills acquisition and all kind of en-
active tasks. In this paper, different techniques to achieve
reliable haptic feedback on the execution of virtual robotic
tasks, based on the efficient combination of path planning
methods and haptic guidance primitives, are presented.

The main contribution of this paper is a reliable system
of force guidance based on haptic primitives. The whole
proposal is constituted by: 1) a free collision path obtained
using a deterministic sampling, hierarchical cell decompo-
sition and harmonic functions 2) force feedback, achieved
by means of elastic models, based on simple geometry el-
ements, called haptic primitives, and 3) a virtual robotic
task.

1 Introduction

This paper proposes three novel approaches for the tele-

operation of virtual robotic tasks based on the combination

of haptic guidance and path planning methods. In the pro-

posed approaches, the force guidance is based on haptic

primitives, which are elastic models over simple geome-

try elements. The path planner which supports the guid-

ance, uses hierarchical cell decomposition, deterministic

sampling and harmonic functions.

Path planning methods have been widely used on the au-

tonomous execution of robotics tasks [1]. Haptic guidance

is a powerful tool for people rehabilitation, sports training,

handcraft skills acquiring and all kind of enactive tasks [2],

such as drawing [3]. From the combination of the path plan-

ning methods and the haptic guidance based on primitives,

a system able to guide the user to accomplish a robotic task,

using on the fly calculated paths and a haptic device is pre-

sented.

To achieve haptic guidance, three main approaches have

been studied: 1) Haptic Guidance based on Probabilistic

Roadmaps Methods, 2) Haptic Guidance based on Attract-

ing Balls and 3) Haptic Guidance based on Local Channels

and Local Paths.

The real potential of the proposed approach is to obtain

a free collision path, to be followed using a haptic device,

that is, integrating a path planner and haptic guidance. This

approach has been explored, for example, with a potential

field based path planner to guide the user in the manipula-

tion of nano-particles in a simple virtual scene [4, 5].

Multimodal interfaces that include visual feedback, aug-

mented reality aids and haptic feedback have been proposed

to teleoperate using geometric constraints [6]. This ap-

proach uses a pre-defined path, nevertheless, a good im-

provement is to obtain the paths, which can be more com-

plex, on the fly, as proposed in this paper.

The proposed methodology is able to construct the haptic

guidance trajectories on the fly from a novel path planner,

instead of using pre-defined or recorded trajectories as used

in some other haptic guidance methods [7].

The Path Planner used in this work, to support the hap-

tic guidance system is based on Harmonic Functions and

Probabilistic Cell Decomposition whose output is a colli-

sion free channel of cells. The path planner was called the

Kautham Planner and has been used to haptically guide a

user on the execution of teleoperated assembly tasks, using

a simple force-generation pattern based on balls [8].

In this paper, a punctual interaction paradigm is used to

guide the user with a haptic device, that means that only

force (but no torque) haptic feedback is used. Neverthe-

less, three-dimensional interaction may be used if the three-

dimensional virtual object is transformed to a point (the

haptic application point) and, by using temporal coherence,

the C-obsacles are constructed on the fly [9].

This paper is structured as follows: In section 2 the

Haptic Primitives used for haptic guidance are introduced.

In section 3, the haptic guidance based on Probabilistic

Roadmap Methods is presented. In section 4 the approach

of haptic guidance based on Attracting-Balls is detailed. In

section 5, the approach to haptically guide the user using
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Local Channels and Local Paths is given. In section 6 some

results and an application example is developed, finally in

section 7, some conclusions are given.

2 Haptic Primitives

Haptic primitives are elastic models, based on simple

geometry elements. To completely achieve haptic guid-

ance, four haptic primitives were defined. In the following

paragraphs, a detailed explanation on the implementation of

each haptic primitive used in this work is given.

2.1 Directed-Force Haptic Primitive

It is a constant force on a given direction that is felt if

the user configuration qu is inside a specified region R, as

defined in equation 1.

Fd =

{
kdud if qu ∈ R
0 otherwise

(1)

where:

• kd is the constant magnitude of the force Fd.

• ud is the unit vector that gives the direction of the

force.

2.2 Point-Attraction Haptic Primitive

Point-attraction haptic primitive is obtained from the vt

vector that goes from the current user configuration (qu)

to the attracting point p. Equation 2 shows the way the

attraction force to the current point, i.e. the point haptic

primitive, which is achieved using a spring-damper model.

Ft =

{
0 if dt > rt

ktvt if dt ≤ rt
(2)

where:

• kt is the spring constant.

• vt is the vector that goes from qu to p.

• dt is the distance from qu to p, i.e. dt = ‖vt‖.

• rt is the influence radius of the Ft force over the user.

It is used to limit the region in which the force will be

felt.

2.3 Segment-Attraction Haptic Primitive

Equation 3 describes the attraction force to the current

line segment haptic primitive, which is achieved using a

spring-damper model.

Ff =

{
0 if df > rf

kfvf if df ≤ rf
(3)

where:

• kf is the spring constant.

• vf is the vector that goes from qu to its orthogonal

projection onto the line segment.

• df is the distance from the point qu to its orthogonal

projection into the line segment, i.e. df = ‖vf‖.
• rf is the influence radius of the Ff force over the user.

It is used to limit the region in which the force will be

felt.

2.4 Attracting-Ball Haptic Primitive

The attracting-ball primitive for two concentric balls: the

exterior one Be with radius re and the interior one Bi with

radius ri, and it is defined as:

Fb =

⎧⎪⎨
⎪⎩
0 if ‖vb‖ < ri

kb
vb

‖vb‖ if ri ≤ ‖vb‖ < re

[kb + ko(‖vb‖ − ri)]
vb

‖vb‖ otherwise

(4)

where:

• kb is the constant magnitude of the force.

• vb is the vector that goes from the user current config-

uration qu to the center of the primitive.

• ko is the constant of the proportional force outside of

the ball Be.

• ri is the radius of the ball Bi

• re is the radius of the ball Be

Figure 1 depicts the Attracting-Ball haptic primitive.

3 Haptic Guidance based on Probabilistic
Roadmaps Methods

It is a haptic guidance that uses the solution path τ to

constrain the user. The path is composed by line segments

that connect the initial configuration qini with the final con-

figuration qend. The haptic guidance can be done generating
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Figure 1: Attracting-Ball Haptic Primitive

Figure 2: PRM based Path Guidance

a proportional force from the current user configuration qu

to the current line segment.

Each line segment s has an attraction region Rs, which

is the region in which the normalized length L, of the vector

from the initial point of the line segment to the user position,

over the vector from the initial point to the final point of the

line segment, satisfies: 0 ≤ L ≤ 1. Furthermore, each

point-attraction primitive (p) has an attraction region Rp

which is defined below.

In order to give force continuity, two adjacent attracting-

segments primitives (sa and sb), and a point-attracting

primitive (p), are used (see Fig. 2).

Therefore, the segment-attraction primitive of the seg-

ment sa is used while the user is inside the attracting re-

gion Rsa, i.e. the segment region Rsa is the region that

satisfies the following condition:

qu ∈ Rsa if 0 ≤ Lsa ≤ 1 (5)

The segment-attraction primitive of the segment sb is

used while the user is inside the attracting region Rsb, but

not inside the region Rsa, i.e. the segment region Rsb is the

region that satisfies the following condition:

qu ∈ Rsb if 0 ≤ Lsb ≤ 1 and Lsa > 1 (6)

Finally, the user is attracted to the point p, if he/she is

inside a region Rp defined as:

qu ∈ Rp if Lsb < 0 and Lsa > 1 (7)

i.e. region Rp is the region in which the user is not in-

side Rsa neither inside Rsb (see the red region in Fig. 2).

Equation 8, which is a combination of equations (1), (2)

and (3) is used to generate the necessary forces to accom-

plish Haptic Guidance based on Probabilistic Roadmaps

Methods (see Fig. 3).

Figure 3: PRM based Path Guidance force components

Fprm =

⎧⎨
⎩

kfvf + kdud if qu ∈ Rs

ktvt if qu ∈ Rp

0 otherwise
(8)

where:

• Fprm is the rendered force for PRM based haptic guid-

ance.

• kd, kt and kf are constants.

• ud is the unit vector that gives direction to the directed-

force primitive. This vector points from the start point

to the final point of the segment s.

• vt is the vector that gives direction to the point-

attraction primitive, from equation (2).

• vf is the vector that gives direction to the segment-

attraction primitive, from equation (3).

• qu is the current user configuration.

• Rs is the force influence region of a segment-attraction

primitive.

• Rp is the force influence region of a point-attraction

primitive.

Even the Probabilistic Roadmap Methods based Haptic

Guidance approach demonstrated to be reliable, it does not

use the information (Configuration Space characterization)

obtained by the Kautham Path Planner. The use of harmonic

functions is a valuable feature of the Path Planner that can

be exploited to haptically guide the user all over the regions

of the C-space model and is introduced in next sections.

4 Haptic Guidance based on Attracting Balls

This is a haptic guidance approach that uses the solu-

tion channel found with the Kautham Path Planner to gen-

erate the attractive forces that guide the user to accomplish

a robotics task. In this approach, the user navigates the

partitioned C-space model, in order to go from the initial

cell cini to the final cell cend by descending the negated

gradient of the harmonic function HF .

Previous work [8] deals with the problem of haptic guid-

ance through Attracting-Balls, using the OpenHaptics HL
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(a) Solution Channel cells (b) Balls used for haptic guidance

Figure 4: Attracting Balls guidance model

library, nevertheless, a new whole implementation is pre-

sented in this work by defining a set of primitives pro-

grammed with the OpenHaptics HD API, gaining speed and

flexibility. Formally, the complete methodology, used to ac-

complish Haptic Guidance based on Attracting Balls is de-

scribed below:

1. For a pair of cells, the current cell (i) and the next

cell (i+ 1), such that the width of the current cell is wi

and the width of the next cell is wi+1 (Fig. 4a), three

balls Bi
home, B

(i+1)
home and Bi

next are defined (Fig. 4b):

• Bi
home is the ball inscribed into the current cell

whose radius is: ri = wi

2 . i.e. Bi
home is the

ball with center bi and radius ri such that for any

point p ∈ Bi
home, ‖p− bi‖ ≤ ri holds.

– B
(i+1)
home is the ball inscribed into the next

cell whose radius is: r(i+1) = wi+1

2 . i.e.

B
(i+1)
home is the ball with center b(i+1)) and

radius r(i+1) such that for any point p ∈
B

(i+1)
home,

∥∥p− b(i+1)

∥∥ ≤ r(i+1) holds.

– Bi
next is a ball, centered on the next cell cen-

ter and whose radius is ri,(i+1) = wi+
wi+1

2 .

i.e. Bi
next is the ball with center b(i+1) and

radius ri,(i+1) such that for any point p ∈
Bi

next,
∥∥p− b(i+1)

∥∥ ≤ ri,(i+1) holds.

• Bi
next is used as an attracting-ball haptic primi-

tive. While the user is outside the ball B
(i+1)
home but

inside the ball Bi
next, a directed force that guides

the user from its current configuration qu to the

center of the ball Bi
next, is generated.

2. If the user leaves the Bi
next ball, then, a force propor-

tional to the distance of the user configuration (qu) to

the center of the ball is generated. Finally, equation 4

can be re-written in terms of the balls defined in step 1

to state the force Fb as in equation 9:

Fb =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

kbub + kcvc

if ri,(i+1) ≥ ‖vb‖ > ri+1[
kb + ko(‖vb‖ − ri,(i+1))

]
ub + kcvc

if ‖vb‖ > ri,(i+1)

0

otherwise
(9)

where kcis the damping constant and vc is the probe

velocity.

3. Finally, transitions from cell to cell are managed in the

following way: if the user is inside the Bi
home ball

within the cell (i), an attracting-ball haptic primitive

generates a force that guides the user to the center of

the Bi
next ball by means of a force Fb.

This force is kept as a constant inside the Bi
next ball

until the user enters the B
(i+1)
home ball, within cell (i+1).

Notice that Bi
next and B

(i+1)
home are concentric balls, so

a continuous guidance is offered.

When the user enters the ball B
(i+1)
home, it automatically

becomes the ball Bi
home and steps 1, 2 and 3 are ap-

plied again.

The Haptic Guidance based on Attracting Balls approach is

not as restrictive as the PRM based approach since it uses a

channel of cells to guide the user. Nevertheless, only the So-

lution Channel is used in this guidance approach, in the next

section, a complete method that uses all the C-spacemodel

is presented.

5 Haptic Guidance based on Local Channels
and Local Paths

The Haptic Guidance based on Local Channels and Lo-

cal Paths is a combination and improvement of the two pre-

vious approaches, fist presented in [10]. The C-space model

characterization is fully exploited allowing the user to nav-

igate all through the free space, by tracking the current user

configuration using an improved Finite-State Machine in-

stead of a Petri Net, as in previous works, and rendering the

correct feedback forces depending on the current cell trans-

parency and its Harmonic Function value.

5.1 Force feedback

The guiding force FG results from the sum of the fol-

lowing forces:

• Fg is the force that guides the user from the current

cell cc to the next cell cn.
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Figure 5: Finite State Machine for Channel Navigation

• Fc is the force that attracts the user to the local path

segment τl.

• Fr is the force that repels the user from the neigh-

bor cell cj when the user tries to leave the current

cell cc and such a neighbor cell is different from the

next cell (cn).

• Fv is the damping force, it is a force proportional to

user movements velocity that avoids oscillations dur-

ing the guidance.

The force to be rendered depends on the current user con-

figuration, which can be obtained from the Finite State Ma-

chine depicted in figure 5.

6 Results

Figure 6a depicts a R2 maze problem. The problem con-

sists on moving the red cylinder from the center of the maze

to the bottom-right corner, without colliding. This experi-

ment is presented to illustrate a low clearance task, with

narrow-bend corridors.

For haptic guidance tests, a right-handed user moved the

robot using his/her right hand as fast as possible, but trying

not to collide with the obstacles. Figure 6b depicts the hap-

tic guidance setup, where the Phantom Omni is used as the

force feedback device.

Figure 6c depicts a path that a user traced after achieving

the task without haptic guidance. Notice that collisions oc-

curred when the user went through constrained areas of the

maze, as depicted with the yellow marks in the same figure.

Figure 6d shows the results of the Haptic Guidance based

on Probabilistic Roadmap Methods. The figure depicts a

comparison of the Solution Path (blue) versus the path that

the user followed (red) using the haptic guidance based on

PRM. Notice that this guidance highly constrains the user

to the path, nevertheless, no force is felt outside the path.

Figure 6e shows an example of the Haptic Guidance ap-

proach based on Attracting Balls. This figure depicts the

solution channel in which the user is guided, the centers

(a) Top View (b) Haptic Guidance Setup

(c) User Path (d) Solution Path vs. User Path

(e) Solution Channel vs. User Path (f) Local Channels/Paths vs. User

Path

Figure 6: Maze Experiment Results

of the cells are marked with a blue circle. Therefore, each

circle represents the center of the attractive ball in the guid-

ance process. Furthermore the path the user traced within

the C-space model, after using the Haptic Guidance based

on Attracting Balls, is depicted in red. This guidance has

a high clearance, nevertheless, collision with the obstacles

may occur.

Figure 6f shows an example of the haptic guidance based

on Local Channel and the Local Path. This Local Channel

begins at center of the maze and ends close to the bottom-

right corner. This figure depicts a comparison of the Solu-

tion Path (blue) versus the path that the user followed (red).

This approach combines the best features of the previous

approaches, by constraining the user to the local paths, with

a higher clearance given by the local channel.
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Guidance Method Num. Collisions Num. Samples Time to complete
the task [sec]

Without Guidance 3 359 11.85

Solution Path 0 273 9.01

Attracting-Balls 0 191 6.3

Local Channels & Local

Paths

0 187 6.17

Table 1: Haptic Guidance Collisions and Times.

6.1 Comparatives

Table 1 summarizes the results of the Haptic Guidance

process. Good results were obtained using the Local Chan-

nels and Local Paths Haptic approach, because the guid-

ance was smooth and the force suggestion was easy to fol-

low, nevertheless, as cells are small the completion time in-

creases. The fastest guidance was offered by the PRM based

approach, this approach it is the most constrained and over-

shooting is likely to happen if the user moves too fast. Hap-

tic Guidance based on the attracting balls approach is easy

to follow, nevertheless, as it is the less constrained, the user

can graze or penetrate obstacles easily.

7 Conclusion and Acknowledgment

The development of three reliable methods based on hap-

tic primitives to guide the user into the adequate movement

to achieve a selected task without collisions has been pre-

sented. The proposed system, based on a path planner is

able to find a solution channel to support haptic guidance

and to achieve a selected task within a virtual reality sce-

nario.

The proposed methodologies are able to construct the lo-

cal paths on the fly, so there is no need to have pre-defined

paths to perform the haptic guidance. Furthermore, a vi-

sual aid is offered so the system feedback is complete and

reliable.

Thanks to VITRO, Automotive Flat Glass, for the given

support to accomplish this work.
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