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ABSTRACT
This paper deals a review of the uncertainty modeling in the placement of work space fixtures, say a container in the work
space environment of the robot to do a particular task, i.e., to insert or remove some of the manufactured components from
the bin or the container. The uncertainty model shown in this paper makes a compromise between the optical distortion using
a camera and the robot precision and gives a optimal distance for the container to be placed.
Keywords: Robot, Uncertainty, Optical distortion, Precision, Workspace fixture, Camera.

1. INTRODUCTION

2. UNCERTAINTY IN ROBOTS

The problem of planning under uncertainty has received
significant attention in the scientific community over the
past few years. It is now well recognized that considering
uncertainty during planning and decision-making is
imperative to the design of robust computer systems. This
is particularly crucial in robotics, where the ability to
interact effectively with real-world environments is a
prerequisite for success [2]. Uncertainty in robot task
planning is concerned with knowing the exact position
and orientation of the objects / parts being manipulated in
the external environment of the robot. Uncertainty always
occurs when a robot is being made to do a particular task,
i.e., say, to reach to the point n and after running the
program to reach that particular point n, it may just reach
very near to the point n or slightly ahead of point n. This
is what is called as uncertainty or error [3]. The robot is
not certain (not sure) that it will reach that particular point
n. This is because of the various non-linearities that are
present in the robotic system such as tolerances, backlash
/ freeplay in the gears, weight of the system, mass, inertia,
hysteresis, positional errors, friction, damping, dead zone,
saturation, resistance, etc. Uncertainty is very important
in task planning of robots, because it reduces the
positional accuracy of the system [1].

A robot is nothing but a manipulation device, i.e., it is
used to do some useful work (welding, painting, drilling,
buffing, grinding, etc.. or do the pick and place action).
Even when the exact position and orientation of the
objects / parts / payloads that are to be picked up within
the workspace is known and is given as input to the task
planner, the task planning is still a challenging problem,
because it has to take care of so many sub-problems such
as the obstacles, other objects in the work cell, the nonlinearities etc. and there may be certain error at the final
point [4] [10].

The paper is organized in the following sequence. A brief
introduction about the work in the paper was given in the
previous paragraphs. The section 2 gives information
about the uncertainty in robots. Section 3 gives the
information about the illustration of uncertainty in robots
using a example based case study. Section 4 discusses
about the modelling of uncertainty. This is followed by
the conclusions in section 5 and the references.

vexact = vnominal + v

Eqn (1)

 v   v max

Eqn (2)

pexact = pnominal + p

Eqn (3)

 p   p max

Eqn (4)

Therefore, in uncertainty, the variables which represent
the exact position and the orientation of the parts / objects
will have a nominal value (approximated value / nearest
value) plus an error term v which is known as
uncertainty or the tolerance band. The exact position and
orientation of the part which are represented by exact
variables is the sum of the approximated value or the
nominal value of the variable of the position and the
orientation of the part + the tolerance (error term) or the
uncertainty which is given by the equations (1) to (4).
Two types of uncertainty exists, viz., velocity uncertainty
and the positional uncertainty [10], [5].

where, vexact, pexact are the exact values of the velocity and
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position which are represented by exact variables, vnominal,
pnominal are the nominal value or the nearest (approximated
value) of the velocity and position and v is the error term
or the uncertainty, i.e., the difference between the exact
and the nominal value of the variables or the tolerances.
For example, if a command is given to the robot to move
at 10 cms / sec, it will not move at 10 cms / sec, but it
will be moving at 9.9 cms / sec.  0.1 is the uncertainty
or the tolerance band [6], [10].

considered as an integral part of the initial planning and
control algorithm [24] [10].

3. ILLUSTRATION OF UNCERTAINTY
USING AN EX
Let us illustrate how uncertainty affects / influences robot
task planning using an example. Consider a cylindrical
coordinate robot and its work-cell with a overhead camera
which is used to sense the various parts and other devices
as shown in Fig. 1. Consider the problem of deciding
where to place a part fixturing device (container) in the
work space w.r.t. the robot base. Let us keep the part
fixturing device at a point ‘f’ on the work surface of the
robot and the overhead camera at a radial distance of r c
from the base of the robot and at a certain height of p0
above the work surface from the robot base which
represents a distance of r = 0. The main aim of planning
the layout of the workstation is to do some manipulation
task, i.e., to insert and remove the manufactured parts
from the work surface by accurately placing the tool-tip p
at a fixture point ‘f’ [10].

Exact value (10 cm / sec) = nominal value or nearest or
approximated value (9.9 cm / sec)  uncertainty ( 0.1).
Uncertainty is similar to the tolerance in resistances. The
last ring on the wire wound resistors is the tolerance band,
i.e., if we take a 1 K resistor and measure it with a
multimeter, its value will not be exactly 1000 . It may
be 995  or 1005 . The last rings present on the
resistor are the tolerance bands. Hence, uncertainty in our
knowledge of the exact position and orientation of the tool
produces uncertainty in the final configuration of the
manipulated part [7] [10].
Even, if we use a highly sophisticated vision system or
any other method of sensing, it is very difficult to know
the exact position and orientation of the part or the objects
external to the robot; since, the objects are three
dimensional in nature. Since, exact values of the
parameters for the part variables are not known by any
method of sensing, the robot task planning technique must
be done using the nominal values and the error bounds [8]
[10].

4. MODELLING OF UNCERTAINTY
For a cylindrical coordinate robot, we have [11] [10]. Let
us define the following terms
 = Base joint angular precision (revolute),
z = Vertical extension joint precision (prismatic),
r = Radial extension joint precision (prismatic),
The overall precision p is divided into horizontal
component h and vertical component v. The horizontal
precision is divided into radial precision r, which is
uniform and angular precision about the base r , which
is varying. If the arm moves by a small angle , r is the
radius of the cylinder at any instant, then the radial
precision is given by r and the angular precision about
the base is given by r . Then, overall horizontal
precision is given by [10]

Most approaches for robot planning and control assume
there is a known model that quantitatively describes the
robot’s dynamics and sensors, as well as other agents and
the environment. This is convenient when available, and
solutions have been produced for large-scale highdimensional domains using a wide variety of algorithms
[9]. However these methods are severely limited in
applications where writing down the exact model is timeconsuming and error-prone, or when the model changes
over time. A number of ad-hoc approaches are available
for dealing with this, often involving re-planning.
However the model uncertainty is not generally
z

h =

 Δr  +  r Δ
2

2

Eqn (5)
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The horizontal precision is the highest along the inside
surface of the WSE and lowest along the outside surface.
When the tool is fully towards the base, the precision is
the highest and when the tool is fully extended, the
precision is the lowest, i.e., the horizontal precision goes
on decreasing as the arm starts moving out radially from
the base. The vertical precision is given by v which is z
and is uniform (since prismatic motion). If r is the radial
precision, h is the horizontal precision and z is the
vertical precision of the robot, then, the total or the overall
precision of the cylindrical coordinate robot for
positioning the tool-tip ‘p’ is given by the robot precision
uncertainty model in equation (6) as [10]
probot(r) =

 Δr  +  r Δ +  Δz 
2

2

2

robot base, the position of the camera is given by the
camera uncertainty model in equation (7) as [15] [10]
pcamera (r) =  p0 +  ( r  rc) ²
First term 

Second term 
pcamera(r) 

Eqn (6)

Eqn (7)

Represents the constant error
associated with the fact that
resolution of the image is finite
[30].
Represents the distortion in
optics and is function of square
of the distance [31].
Represents the position of the
camera as a function of ‘r’, the
radial distance, i.e., the
uncertainty due to optical
distortion [32].
Positive constant [33].
Radial position of the camera
from the robot base [34].
Position of the camera (placed
at a certain vertical height from
work surface) [35] [10].

Thus, from the Eqn (6), we can come to a conclusion that
if the workspace fixture or the container is placed on the
boundary of the workspace envelope, then the precision is
the worst [37]. If the workspace fixture is placed near to
the base of the robot, then the precision is the highest [11]
[10].


rc




p0



Many a times, the location of the part fixturing device is
not at all known directly [36] ; but, is instead known using
the observations from an overhead camera, i.e., the vision
system can be used to know the details of the location and
orientation of the part fixturing device [13]. By using
similar triangles inside and outside the vision system, the
horizontal distance of the part fixturing device from the
camera is directly proportional to the vertical distance
between the camera lens and the part fixture. i.e., from the
diagram it is rc f [12] [10]

If the objects / parts that are to be manipulated and the
work space fixture is kept on the outer periphery of the
viewing area of the camera, i.e., on the outer periphery of
the work space envelope, then, naturally, the images will
get distorted as well as precision is very low. If the
workspace fixture is kept exactly below the camera, then
optical distortion = 0 (, r = rc), but the precision is the
worst (, the WSF is at the outer periphery of the WSE)
[16]-[18] [10].

Then, we must raise the part fixture as much as possible
in addition to placing it near the robot, i.e., on the
periphery of the work envelope of the robot. When we
raise the fixture, it will be located along the outer
periphery of the viewing area of the camera, since the
camera lens catches the image of the object, which is
placed in the workspace fixture in a 120° cone angle. If
the part fixture is placed at the periphery of the viewing
area of the camera, then the images will be distorted,
since the image of the part fixture is captured by the
camera in a side view [14] [10].

If the workspace fixture is kept at the base of the robot,
then optical distortion is very high (, WSF is kept at the
corners of the viewing area of the camera), but the
precision is the best (, the WSF is towards the inner
surface of the WSE). Therefore, according to the camera
precision equation (7), in order to minimize the camera
error or the error in the image, the part fixture should be
placed directly below the overhead camera and according
to the equation (6), the part fixturing device should be
placed as close to the robot in order to have very high
precision and to minimize the manipulation error.

The effect is more when a very wide-angle lens such as a
fish eye is used. That is, there is optical distortion, the
images will be distorted when viewed from a side or an
angle and the sharpness at the edges will be very very less
[38], because of the presence of shadows. This is similar
to reading of an ammeter or voltmeter. In order to
represent the optical distortion of the image, the following
uncertainty model of the camera is used, i.e., from the

Therefore, the two equations (6) & (7) have to be solved
simultaneously in order to find an optimal position r opt for
the part fixture to be placed [19]. In the optimal radial
position ropt, the precision is also good as well as optical
distortion is also satisfactory. In that position the part
fixture should be placed, i.e., the camera placement
should be above or slightly ahead of the work envelope of
the robot and the part fixture should be just below the tool
tip [20]. The solution of the two equations, which are
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solved simultaneously, is displayed graphically as shown
in the Fig. 2 [39] [10].
From the Fig. 2, we can come to a conclusion that, the
most optimal radial position for keeping the part fixturing
device on the work surface is given by ropt. This position
lies somewhere between the camera which is placed at r =
rc and the robot base r = 0. If the radial precision r and
the vertical precision z of the cylindrical coordinate
robot are very small; then, they can be neglected.
Therefore, the Eqn (6) for the overall precision of the
robot can be approximated as [21] [10]

 Δr  +  r Δ +  Δz 
2

probot(r) =

2

probot (ropt)  r 

2

Eqn 8 (a)

Similarly, the camera
approximated as [22]

precision

model

can

pcamera (r) =  p0 +  ( r  rc) ²
pcamera (ropt) =  p0 +  ( ropt  rc) ²

Eqn 8 (b)

Under these conditions, when r = ropt, the two equations
8(a) and 8(b) can be equated [29] [10].
probot ( ropt)  pcamera (ropt)

Eqn 9 (a)

ropt  =  p0 +  ( ropt  rc) ²

Eqn 9 (b)

Therefore, the approximate value for the optimal radial
position of where the part fixturing device should be
placed on the work surface can be computed by solving
the Eqn 9 (b) [23].
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Fig. 2 : To determine the optimal position for the placement of the workspace fixture in the workspace of robot

r  = p0 +  ( r  rc )²
when

Eqn (10)

be

ropt  = p0 +  ( ropt  rc )²
p0 +  ( ropt  rc ) ²  ropt  = 0

r = ropt ; we get ,
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 ( ropt  rc ) ²  ropt  + p0 = 0
Solving this quadratic equation, we get the optimal value
of ‘r’ by solving the two equations as [10]
ropt 

 2αrc +Δ -  2αrc +Δ

2



-4α Δp0 +α  rc 

2
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