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Abstract— This paper presents an overview of visual
servoing systems. The basic structure of a visual servoing
system, various controller techniques used and the
comparison of the techniques being used is a matter of
concerned of the paper. The paper concentrates on different
visual servoing techniques like: image based, position based
and hybrid visual servo control, for different issues
concerning both hardware and software requirements.
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. INTRODUCTION

The objective of this paper is to extensively provide the
techniques available in literature. Using visual feedback to
control a robot is commonly termed as visual servoing
(Hutchinson et al. 1996).Vision data is acquired from a
camera mounted directly on a robot manipulator or on a
mobile robot and motion of the robot induces camera motion,
or the camera can be fixed in the workspace so that it can
observe the robot motion from a stationary configuration[1].
The accuracy of the resulting operation then depends directly
on the accuracy of the visual sensor and the robot
manipulator. An alternative to increase the accuracy of these
subsystems is to use “visual feedback’ control loop that will
improve overall accuracy of the system[2]. The use of
computer vision techniques to control robotic systems has
received great popularity in recent times. In addition to
robotics, visual servoing algorithms also find interesting
applications of interactive vision system such as video
conferencing, tracking active vision, augmented reality
etc[3]. Aim of visual servoing system is to control a robot
using the information provided by the vision system and
relies on techniques from image processing, computer vision
and control theory[4]. A visual servoing is to control a robot
to manipulate its environments using vision as opposed to just
observing the environment. There are mainly two ways to put
visual feedback into practice. One is called look and move
and other visual servoing. The former is a method which
transforms the position and orientation of an object obtained
by a visual sensor into those in the world frame fixed to an
environment and guides the arm of the manipulator in the
world frame. Visual servoing, also known as vision based
robot control and abbreviated as vs, is a technique which uses
feedback from a vision sensor to control the motion of a
robot[5]. Visual servoing provide a robotic system with the
ability to use visual feedback in order to reduce positioning
error. Robot motion and robotic vision are the challenging
problems in robotics research. The task in robotic vision is to
analyze the images of the scene taken by the cameras attached
to the robot and obtain a physical interpretation of the world
around it[6].
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Fig. 1: left) open-loop control : Initialization represents the
extraction of features used to directly generate the control
sequence(robot motion sequence) no on line interaction
between the robot and the environment exit and
right)Major components of a visual servo system :
Initialization ( visual servoing sequence is initialized),
Tracking ( the position of features used for robot control are
continuously updated during the robot /object motion ),robot
control (based on the sensory input , a control sequence is
generated )

A closed—loop control of a robot system, where
vision is used as the underlying sensor, usually consists of
two intervened processes: tracking and control, see Figl
(right). Tracking provides a continuous estimation and update
of features during the robot/object motion. Based on this
sensory input, a control sequence is generated[7]. In addition,
the system may also require an automatic initialization which
commonly includes figure—ground segmentation and object
recognition[8].

Visual servoing is used in a rich variety of
applications such as lane tracking for cars, navigation for
mobile platforms, welding of thin plates and manipulation of
objects[9].The most  general of these applications is
manipulation of objects which requires detection of objects
,segmentation, recognition, servoing ,alignment ,grasping.
Although many approaches do not address all of these
aspects, the manipulation task provides a global framework
for consideration of the diverse research on servoing[10].

VISUAL SERVOING

Il. BACKGROUND & RELATED WORKS

The following distinction is usually made between different
ways of using visual information in a robot system.

A. Open Loop Robot Control

Extraction of image information and control of a robot are
two separate tasks where at first image processing is
performed followed by the generation of a control sequence,
(see Figure 1, left). A typical example is to recognize the
object to be manipulated by matching image features to a
geometrical model of the object and compute its position and
orientation (pose) relative to the camera (robot) coordinate
system[11]. This absolute pose, Cartesian—space information
is used to move the robot to the desired pose relative to the
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object. To estimate the pose of the object, the model of the
object must be available[12]. To move the robot based on the
visual information extracted in the camera frame, the
camera(s) has to be calibrated with respect to the robot. In
addition, the robot direct and inverse kinematic models have
to be available to convert Cartesian—space robot positions
into joint-space configurations[13]. The robot can then
execute the task by performing “blind” movements which
assumes that the environment remains static after the robot
has started to move (open—loop approach)[14].

B. Visual Servoing

In 1979, Hill and Park, (Hill & Park 1979) introduced the
term visual servoing to distinguish their approach from earlier
work. In 1980 the following taxonomy of visual servo
systems was introduced in (Sanderson & Weiss 1980):

1) Dynamic Look-and-Move Systems

These systems perform the control of the robot in two stages:
the vision system provides input to robot controller that then
uses joint feedback to internally stabilize the robot. As
pointed out by (Hutchinson et al. 1996) nearly all of the
reported systems adopt this approach[15].

2) Direct Visual Servo Systems

Here, visual controller directly computes the input to the
robot joints and robot controller is eliminated.

A typical visual servoing task usually includes some
form of “positioning” such as aligning the robot/gripper with
the target or “tracking” i.e. maintaining a constant
relationship between the robot and the moving target[16]. In
both cases, image information is used to measure the error
between the current location of the robot and its reference and
desired location. Image information used to perform the task
is either two dimensional expressed by using image plane
coordinates, or three dimensional where camera/object model
is employed to retrieve pose information with respect to the
camera/world/robot coordinate system[17]. So, the robot is
controlled either using image information as two- or three
dimensional which classifies the visual servo systems
additionally as:

1) image based,
2) position based
3) Hybrid or 2 1/2 D visual servo systems.

We now present the basic ideas and discuss the

characteristics of each of them.

3) Image Based Visual Servo Control

2D image measurements are used directly to estimate the
desired movement of the robot. Typical tasks like tracking
and positioning are performed by reducing the image distance
error between a set of current and desired image features in
the image plane[18]. In Fig 2 show the block diagram of
image based servo control. An image coordinate is denoted
by the u-v coordinates.
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Fig. 2: Typical Block Diagram of an Image Based Control

Current state is represent by I, which is usually
composed of size or central point of target object areas on the
image coordinate. Since it can regarded as I(u, v), a desired

state is to be assigned as |, (u, v) thus the errors e dealt with
by the controller represented as follow:
e(u, v)=I(u, v)- 1, (u,v) 1)

Image based visual servoing involves the estimation
of the robot’s velocity screw, 'q, S0 as to move the image

plane features, f°, to a set of desired locations, f*, (Hager

et al. 1995), (Malis et al. 1998), (Chaumette et al. 1991).
Image based visual servoing control involves the computation
of the image Jacobian or the interaction matrix, (Hutchinson
et al. 1996), (Espiau et al. 1992), (Hashimoto & Noritsugu
1998). The image Jacobian represents the differential
relationship between the scene frame and the camera frame
(where either the scene or the camera frame is usually
attached to the robot).
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Where q represents the coordinates of the end-
effector in some parameterization of the task space T, f [ f1;
f2; :::; fk ] represents a vector of image features, m is the
dimension of the task space T and k is humber of image
features[19]. The relationship between a velocity screw
associated to the manipulator and the image parameters rates
of change is given by:

f=Jg 3)

Using a classical perspective projection model with

unit focal length, the relationship between an image point
velocity and a 3D velocity screw is given by:
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where Z represents the 3D distance of the point with

respect to the camera. Image based visual servo systems

express the control error function directly in 2D image

space[20]. If image positions of point features are used as

measurements, the error function is defined simply as a

difference between the current and the desired feature
positions

e(f)= f°—f~ (5)

The most common approach to generate the control

signal for the robots is the use of a simple proportional control

(see (Papanikolopoulous & Khosla 1993) and (Hashimoto,
Ebine & Kimura 1996) for an optimal control approach).

All rights reserved by www.ijsrd.com 146



A Brief Comparative Study of Visual Servoing Systems
(IJSRD/Vol. 6/Issue 08/2018/034)

u= g =KJte(f) (6)

Where Jt is the (pseudo-)inverse of the image
Jacobian and K is a constant gain matrix. Figure 10 shows an
example of an image based visual servoing approach where it
is assumed that the camera is static and that it observes the
robot holding an object. A number of feature points on the
object are tracked and used to generate a vector of current

measurements, f . The vector of reference measurements is

denoted f*. The error function is defined as a function of

distance between these measurements according to (Eq. 5).
This error function is then u pdated in each frame and used
together with the image Jacobian to estimate the control input
to the robot using (Eq. 6).

The vector of reference measurements, ¢, is usually

generated using a so called “teach by showing” approach
where the robot is first moved to a desired position and the
image coordinates of feature positions are recorded. After
that, the robot is moved to some other, initial position and
visual tracking is initiated. In a closed— loop manner, the
robot is controlled while moving to the desired or “taught”
position while tracking the features and estimating ¢c. In

(Horaud et al. 1998), the desired position between the gripper
and an object is defined through a projective representation
and the new goal image is computed when the target changes
instead of being learnt manually.

According to (Eq. 4), the estimation of the image
Jacobian requires knowledge of the camera intrinsic and
extrinsic parameters. Extrinsic parameters also represent a
rigid mapping between the scene or some reference frame and
the camera frame [21]. If one camera is used during the
servoing process, the depth information needed to update the
image Jacobian is lost [22]. Therefore, many of the existing
systems usually rely on a constant Jacobian which is
computed for the desired camera/end—effector pose. This is
one of the drawbacks of this approach, since the convergence
is ensured only around the desired position. This problem
may be solved by adaptive estimation of the depth
(Papanikolopoulous & Khosla 1993), determining depth from
the a—priori known relationship of the features or using a
structure from motion approach if the camera motion can be
measured, (Longuet- Higgins 1981), (Jerian & Jain 1991).
However, using variable depth may result in inadequate
camera/robot motions leading to possible local minima and
singularities and ultimately unstable behavior of the robot,
(Chaumette 1997). If a stand—alone camera system is used,
and if the calibration between the robot and the camera frame
is (partially) known, the depth required for the image
Jacobian estimation can be retrieved using the forward
kinematics of the robot and calibration parameters [23].

The image Jacobian matrix depends also on the type
of features used and the servoing task itself (point-to-point
positioning, point-to-line positioning, etc.), see (Hager 1997)
for examples.

In general, a minimum of three feature points are
necessary to control the position and orientation of the camera
in 3D space (assuming that an eye—in—hand configuration is
used). However, there are two cases of singular
configurations for this case, (Michel & Rives 1993): i) if the

three points are aligned, and ii) if the optical center lies on the
cylinder which includes the three points and whose axis is
perpendicular to the plane containing all three points. It has
been proven in (Hashimoto & Noritsugu 1998) that the image
Jacobian becomes full rank in the case of four points if three
of them are not aligned. Compared to an eye—in—hand
configuration where the object to be manipulated is usually
not in the field of view of the camera, a standalone camera
can easily observe the object and the gripper simultaneously
(Hager 1997). If a stereo camera system is used, the following
property may be used: zero disparity between a point on the
manipulator and a point on the object in two images means
that these two points are same point in space. In other words,
the error function is simultaneously minimized in two images.
The image Jacobian is estimated by simply concatenating two
monocular image Jacobians. If the epipolar geometry of the
camera is known, depth estimation becomes trivial. In
addition, imposing a line trajectory in two images results in a
line motion in 3D whereas in the case of one camera, any
planar curve projects as a line in the image. Image based
visual servoing control is considered to be very robust with
respect to camera and robot calibration errors (see
(Hutchinson et al. 1996) and (Weiss et al. 1987)). Coarse
calibration only affects the rate of convergence of the control
law in the sense that a longer time is needed to reach the
desired position [24].

In (Sung hyun han et al 2000) image based visual
servoing control used in SCARA robot. In this paper visual
feedback control using image based visual servoing with
stereo vision. To control the position and orientation of a
robot with respect to an object, a new technique is proposed
using binocular stereo vision. The stereo vision enables us to
calculate an exact image jacobian not only around a desired
location but also at other location. Binocular vision means, in
which both the eyes are used together. The advantage of this
technique is this one first it gives creative a space eye in case
one is damaged. Second, it gives a wides field of view. This
method is better than monocular vision . The proposed method
overcomes several problems associated with visual servoing
using monocular vision.

In (Tatsuya kato et al 2012) fuzzy controller using
image based visual control and also used four wheel steered
mobile robot .This robot fit for a higher power or
improvement in the movement speed of a robot. This method
use for tracing a straight line for a steered mobile robot
equipped with a camera using image based control method.
The image based control method which can operate a robot
indirectly without using the robot position by controlling only
image information on an image plane .The image based
control method can work with faster processing speed and
higher robustness against camera calibration error due to
reduction of the position estimation process compared to the
position based control method.

4) Position based Visual Servo Control

These systems retrieve the three-dimensional information
about the scene where known camera model (usually in
conjunction with a geometric model of the target) is used to
estimate the position and the orientation (pose) of the target
with respect to the camera (world, robot) coordinate system
[25]. The positioning or tracking task is defined in the
estimated (3D) pose space.
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Fig 3: Typical Block Diagram of a Position Based Control

Position based visual servoing is usually referred to
as a 3D servoing control since image measurements are used
to determine the pose of the target with respect to the camera
or some common world frame[26]. The error between the
current and the desired pose of the target is defined in the task
(Cartesian) space of the robot. Hence, the error is a function
of pose parameters, e(X). Two examples of position based
servoing are presented in Figure 2. The figure on the left
shows an example where the camera is controlled from its
current pose, °x_, so to achieve the desired pose with respect

to the object, cx . In this example, the camera is attached to

the last link of a manipulator and observes a static or a moving
target, and the model of the object is used to estimate its
pose[27]. The figure on the right shows an example of a static
camera and a moving object. It is assumed here that the object
is held by a manipulator which is then controlled to, again,
achieve the desired pose between the object and the camera.
Since the pose of the object is estimated relative to the
camera, the transformation between the robot and the camera
has to be known to generate the required motion of the
manipulator.

AN

Fig. 4: Two examples of position based visual servoing
control: left) an example of an eye—in—-hand camera
configuration where the camera/robot is servoed from the

°X, (current pose) to the °X_ (desired pose), and right) a

monocular, stand-alone camera system used to servo a robot
held object from its current to the desired pose.

A block diagram of the position based visual
servoing approach is presented in Figure 3. Here, the
difference in pose between the desired and the current pose
represents an error which is then used to estimate the velocity

screw for the robot, ¢ = [V;Q]T , S0 to minimize the error.

In general, the main advantage of this approach is
that the camera/robot trajectory is controlled directly in the
Cartesian coordinates. This allows easier trajectory planning
for e.g., obstacle avoidance. However, especially in the case
of eye—in— hand camera configuration, image features used
for pose estimation may get out of the image [28]. The reason
is that the control law does not incorporate any constraints
when it comes to image plane feature coordinates. If the
camera is only coarsely calibrated (i.e., the camera

parameters are approximately known), the current and
desired camera poses will not be accurately estimated which
will thus lead to a poor performance (in terms of accuracy) or
even a complete failure of the visual servoing task. One of the
solutions to this problem is to design the servo system as an
endpoint closed loop system where both the target and the
end—effector are observed during the execution of the task
(Hutchinson et al. 1996).

There are examples of utilizing both eye-in-hand
and stand-alone camera configurations for position based
control. The examples range from planar positioning systems
(Allen et al. 1993), to systems that use object models and
demonstrate full pose determination in real-time, see for
example (Wilson et al. 1996), (Wunsch & Hirzinger 1997)
and (Drummond & Cipolla 1999b).

An extensive evaluation of the position based visual
servoing with respect to trade—offs between the requirements
of speed, accuracy and robustness is given in (Wilson et al.
2000). Since most of the reported systems adopting this
approach concentrate on the extraction of the visual
information rather than on the analysis of sensitivity, etc., we
provide additional references in Section 6. The section also
provides a humber of pointers related to the pose estimation
problem, structure— from—motion, and stereo reconstruction
problems.

5) Hybrid based Visual Servo Control

(Malis et al. 1998) present 2 1/2D visual servoing approach.
Hybrid control scheme is called 21 2D visual servoing.
Avoids the respective drawbacks of 2D and 3D controls.
Does not need any geometric 3D model of the object. The
method was originally proposed for an eye—in—hand camera
configuration. This approach is a “halfway” between the
classical position-based and image-based approaches. It
avoids their respective disadvantages: contrarily to the
position based visual servoing, it does not need any geometric
3D model of the object. In case of hybrid visually guided
robotic system capable of autonomously performing the
capture tasks with dexterous hand [29]. The main advantage
0s hybrid based visual servo control are as compared with
other multi camera system, both global and local vision has
the capability of determining pose of target independently.
When local vision fails to recognize marker, controller switch
to global vision automatically .then global vision in charge of
visual servoing until local marker is recognized once again.
In comparison to the image-based visual servoing, it ensures
the convergence of the control law in the whole task space.
The approach using a hand—in—-eye camera configuration is
briefly presented. The method is based on the estimation of
the camera displacement (the rotation and the scaled
translation of the camera) between the current and the desired
views of the object [30]. In each iteration, the rotation
between these two views is estimated which allows for the
translational and the rotational loop to be decoupled.

In (Malis et al. 1998) the use of extended image
coordinates is proposed where a third, normalized z
component is added to the normalized image coordinates
(Faugeras 1993). This coordinate is obtained from a partial
Euclidian reconstruction [31]. It is argued in (Malis et al.
1998) that the interaction matrix mapping the differential
changes between the robot velocity and the extended image
coordinates has no singularities. This allows for the
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convergence of the positioning task in all the task space
provided that the intrinsic camera parameters are known. If
the intrinsic parameters are not accurately known, the authors
propose the necessary and sufficient conditions for the local
asymptotic stability.

In (Guoliang zhang et al. 2009) a hybrid visual
servoing control method for a newly developed space robot.
The hybrid scheme consist of an eye in hand camera and eye
to hand camera configuration and this space robot are 4
DOFs. Compared with other multicamera system, both global
and local vision has the capability of determining pose of
target independently. In this method also suitable for object
recognition and pose estimation algorithm based on
polygonal approximation and in this method good accuracy
and ability to explore the workspace as compared to other.

I1l. LITERATURE REVIEW

Sahjendra N. Singh, et al An approach is presented to the
control of an uncertain nonlinear flexible robot arm (PUMA-
type) with three rotational joints. The third link is assumed to
be elastic. A torque control law which is a function of the
trajectory error, is derived for controlling the joint angles. The
knowledge of the system dynamics is not required for the
derivation of the controller. This controller includes a
reference model to generate command joint angle trajectories,
and a dynamic system in the feedback path which requires
only joint angle and rate for feedback. The torque controller
asymptotically decouples the elastic dynamics into two
subsystems, representing the transverse vibration of the
elastic link in two orthogonal planes. For the damping of the
elastic vibration, a force control law using modal velocity
feedback is synthesized. The derivation of the torque control
law and the design of elastic mode stabilizer have some
similarities to [9, 181. The simulation results are presented to
show that the combination of the torque and force control law
accomplishes reference joint angle trajectory tracking and
elastic mode stabilization in spite of the uncertainty in the
system [1].

Zhang Ni, et al Fuzzy control used in robotic arm
position control is described in this paper. By the Using of
fuzzy control, the difficulty for control because of nonlinear
factors, such as dead zone, resistant torques not equal in
positive and neggative directions, is overcome. With adopting
the self-regulating factor, accuracy position control is
obtained and overshoot is controlled effectively. At last the
experimental results are presented in this paper [2].

Martin Jagersand, et al In this paper we present an
experimental evaluation of adaptive and non-adaptive visual
servoing in 3, 6 and 12 degrees of freedom (DOF}, comparing
it to traditional joint feedback control. While the purpose of
experiments in most other work has been to show that the
particular algorithm presented indeed also works in practice,
we do not focus on the algorithm, but rather on properties
important to visual servoing in general. Our main results are:
positioning of a 6 axis PUMA 762 arm is up to 5 times more
precise under visual control, than under joint control.
Positioning of an UtaW'IT dextrous hand is better under
visual control than under joint control by a factor of 2. We
also found that a trust-region-based adaptive visual feedback
controller is very robust. For m tracked visual features the

algorithm can successfully estimate online the m x 3 (m 2 3)
image Jacobian (J} without any prior information, while
carrying out a 3 DOF manipulation task. For 6 and higher
DOF manipulation, a rough initial estimate of J is beneficial.
We also verged that redundant visual information is valuable.
Errors due to imprecise tracking and goal specification were
reduced as the number of visual features, m, was increased.
Furthermore highly redundant systems allow us to detect
outliers in the feature vector; and deal with partial occlusion

[3].

Gin-Shu Young, et al For autonomous vehicles to
achieve terrain navigation, obstacles must be discriminated
from terrain before any path planning and obstacle avoidance
activity is undertaken. In this paper, a novel approach to
obstacle detection has been developed. The method finds
obstacles in the 2D image space, as opposed to 3D
reconstructed space, using optical flow. Our method assumes
that both no obstacle terrain regions, as well as regions with
obstacles, will be visible in the imagery. Therefore, our goal
is to discriminate between terrain regions with obstacles and
terrain regions without obstacles. Our method uses new visual
linear invariants based on optical flow. Employing the linear
invariance property, obstacles can be directly detected by
using reference flow lines obtained from measured optical
flow. The main features of this approach are: (1) 2D visual
information (i.e., optical flow) is directly used to detect
obstacles; no range, 3D motion, or 3D scene geometry is
recovered; (2) knowledge about the camera-to ground
coordinate transformation is not required; (3) knowledge
about vehicle (or camera) motion is not required; (4) the
method is valid for the vehicle (or camera) undergoing
general six-degree-of-freedom motion; (5) the error sources
involved are reduced to a minimum, because the only
information required is one component of optical flow.
Numerous experiments using both synthetic and real image
data are presented. Our methods are demonstrated in both
ground and air vehicle scenarios [4].

Soo-Hyuk Nam, et al A real-time visual servo
tracking system for an industrial robot has been implemented
using PSD (Position Sensitive Detector) cameras, neural
networks, and an extended trapezoidal motion planning
method. PSD and directly transduces the light’s projected
position on its sensor plane into an analog current and lends
itself to fast real-time tracking. A neural network, after proper
training, transforms the PSD sensor reading into a 3D
position of the target, which is then input to an extended
trapezoidal motion planning algorithm. This algorithm
implements a continuous motion update strategy in response
to an ever-changing sensor information from the moving
target, while greatly reducing the tracking delay. This
planning method is found to be very useful for sensor-based
control such as moving target tracking or weld-seam tracking
in which the robot needs to change its motion in real time in
response to incoming sensor information. Further, for real-
time usage of the neural net, a new architecture called LANN
(Locally Activated Neural Network) has been developed
based on the concept of CMAC input partitioning and local
learning. Experimental evidence shows that an industrial
robot can smoothly track a moving target of unknown motion
with speeds of up to 1 m/s and with oscillation frequency up
to 5 Hz [5].
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Sung Hyun Han, et al In this paper, we present a new
approach to visual feedback control using image-based visual
servoing with stereo vision. In order to control the position
and orientation of a robot with respect to an object, a new
technique is proposed using binocular stereo vision. The
stereo vision enables us to calculate an exact image Jacobian
not only around a desired location but also at other locations.
The suggested technique can guide a robot manipulator to the
desired location without providing a priori knowledge such
as the relative distance to the desired location or the model of
an object even when the initial positioning error is large. This
paper describes a model of stereo vision and how to generate
feedback commands. The performance of the proposed visual
servoing system is illustrated by experimental results and
compared with conventional control methods for an assembly
robot [6].

Gordan Cheng, et al In this paper we present a
paradigm for robot control, Supervised Autonomy.
Supervised Autonomy is a framework, which facilitates the
development of human robot systems. The components
which this framework embraces has been devised in a human-
oriented manner, to augment users in accomplishing their
task. The general concept of our paradigm is to incorporate
supervisory control with a qualitative approach for the control
of robots. Supervisory control does not rely on human users
to perform all the basic functions of perception and action in
a system. The approach we have taken shifts all basic
autonomous functions to the physical robot agent, integrated
with a set of qualitative instructions, in combination with a
simple graphical user interface, and together with suitable
feedback form the complete framework. Experimental results
of applying this framework to the use of a mobile robot
teleoperation system are presented. The system we have
developed make extensive use of behavior-based control
technology, embracing a number of real time visual
behaviors, together with a set of intuitive instructions
designed for the navigation of a mobile robot [7].

Alexandre Krupa, et al this paper presents ongoing
research on the development of automatic control modes for
robotized laparoscopic surgery. We show how visual
feedback can be used in a control scheme to autonomously
perform basic surgical subtasks in order to enhance surgeon
accuracy and comfort [8].

Xiao-jing Shen, et al Traditionally, Visual servoing
system is divide in position-based visual servoing
system(F’BVS) and image-based visual servoing
system(1BVS). PBVS needs to estimate the pose of target in
3-D space, and BVS often control the feature in 2-D image
plane. The performances of both systems depend on the
selection of the state vector. So, it is important to select a
desirable state vector to design a visual servoing system.
Analyzing the affine model. of image motion, we find when
camera motion consists of only translation motion and the
target is one rigid planar surface, the projected point position
of the target centroid in image plane and the radio of two
depths-s, can explicitly describe the target pose with respect
to the camera. In addition, &, y., s can be easily calculated
.from image moments which are quickly computed from a
binary image. So, in this paper, the vector 14. y.. sIT is used
as the state vector. Then a simple image Jacobian matrix is

gotten from the state equation and leads to a simple adaptive
controller which can drive a camera to the ideal position [9].

Simon Lionard, et al This paper proposes a method
for learning a hand-eye calibration and its application for
visual servoing. The goal is to develop a technique that
combines the strengths of existing visual servoing methods.
Particularly, as in image based visual servoing, the error is
measured in the visual space while the motor command is
position-based. Hence this method approximates the
visuomolor function that relates variations in the visual space
to variations in the motor space at a global scale. The method
used for approximating the visuomotor function is derived
from the field of reinforcement learning, making our hand-
eye calibration autonomous, continuous and adaptable. The
visuomotor function is modeled by a linear combination of
polynomials, each spanning a non-mutually exclusive subset
ofthe visual space. Each polynomial represents the utility of
motor commands for the servoing task. The goal of the
calibration is to approximate the parameters of these
polynomials while the system interacts with its environment.
Preliminary results include centering a target in the image in
which the system learns the motor commands that eliminates
the errors in the visual space and generalizes the result to
neighboring states in the visual space, depths and motor
commands [10].

Mads Paulin, et al In this paper we present a new
method for automatic feature planning for visual tracking
systems employed in visual servoing control of robot
manipulators. Such planning of optimal feature sets is of
utmost importance in order to ensure accurate and robust
execution of general robot tasks using visual servoing. First
we introduce a novel platform for simulation and preparation
of visual servoing systems. Subsequently we demonstrate
how this platform, together with combinatorial optimization
techniques and fitness measures which consider several
aspects related to the robustness of the tracking system, can
be used to plan reliable and information rich feature sets.
Finally, we present experiments which compare the
performance of a visual servoing system employing the
proposed feature planning technique to that of a servoing
system based on features selected using traditional methods.
These experiments demonstrate that our technique not only
improves the robustness of the visual tracking system but also
significantly increases the accuracy of the visual servoing
control loop [11].

Satoshi Mukai, et al We proposed a simple visual
servoing scheme called linear visual servoing (indicated as
LVS). It is based on the linearity of the transformation from
binocular visual space to joint space of the arm of the
humanoid robot which has a similar kinetic structure as a
human being. LVS is very robust to calibration errors,
especially to camera angle errors, because it uses constant
Jacobian matrix with neither camera angles nor joint angles
to calculate feedback command. Furthermore, the amount of
calculation is very small compared to conventional visual
servoing schemes. Hence, it is especially suitable for
humanoid robots which use active stereo vision. But
conventional LVS cannot deal with redundant arm, because
it is based on linear approximation of inverse kinematics. In
this paper, we propose a redundant arm positioning control
method by linear visual servoing based on linear
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approximation of forward kinematics. Simulation and
experimental results are presented to demonstrate the
effectiveness of the proposed method [12].

Du Xin Zhao Xiaoguang, et al A method based on
local HSV image and the shape of object to recognize object
is proposed for robot tracking. After the color segment, the
knowledge of the shape of objects is used to recognize
objects. The robot tracking result testifies the availability of
the method [13].

M. H. Korayem, et al In this paper, we present both
the simulation and experimental results for position-based
visual servoing control of a 6R robot using two stationary
cameras. This method can deal with real-time changes in the
relative position of the target with respect to the robot, while
providing greater accuracy. In addition, the servo control
structure is independent of the target pose coordinates. Direct
and inverse kinematics equations, in addition to dynamic
equations of the 6R robot, have been derived and simulated.
Then we prescribe simulation of image processing, object
recognition and pose estimation for the end effector and
target-object in 3D Cartesian space and visual control of the
robot. Afterwards, performance tests of 6R robot using two
cameras have been implemented. Finally, experimental
results obtained from actual implementation of visual control
and tests of 6R robot in lab are presented. Analysis of error
and test data has been carried out according to 1S09283,
ANSI-RIA R15.05-2 standards and the MATLAB statistical
toolbox. An efficient algorithm. is designed for collision
detection and contact determination between the 6R robot
links and its environment during their rotation in controlling
and performance tests. In this technique, bounding spheres on
different parts of 6R robot are used to detect collisions among
them [14].

Guoliang Zhang, et al this paper presents research
and development for a hybrid visual servoing control method
for a newly developed space robot. The hybrid scheme
consists of an eye-in-hand camera and eye-to-hand camera
configuration. The first one guarantees good accuracy and the
ability to explore the workspace; the second one ensures a
panoramic sight of the workspace. The motivation of this
paper is to take advantage of both in a cooperation scheme to
makes the execution of complex tasks easier and offers higher
flexibility in the presence of a dynamic scenario. Compared
with other multi-camera system, both global and local vision
has the capability of determining pose of target
independently. Moreover, this paper also addresses suitable
object recognition and pose estimation algorithm based on
polygonal approximation. To realize real-time visual
servoing control, part of recognition module has been
optimized to increase process speed. Finally, 3D visual
servoing within a dynamic look and move scheme based on
estimated object pose has been carried out. Experimental
results demonstrate the feasibility and the effectiveness of the
proposed method [15].

Zaojun Fang, et al An image-based visual seam
tracking system is designed for butt weld of thin plate in this
paper. The torch deviation from the joint in the horizontal
direction is measured from the seam image. Since the weld
seam is so narrow, its image is based on natural lighting. Due
to the hardness of measuring depth information using
monocular vision, structured laser light is used for detecting

the torch deviation in the vertical direction. For steady seam
tracking, a robust and fast feature extraction algorithm is
developed. Moreover, a reliable controller is designed with
error filtering and output pulse verification. Finally,
experiments are conducted to verify the proposed seam
tracking system [16].

Yimin Zhao, et al In this paper, a multiple cameras
visual servoing system is presented to correct the pose of
robot end-effector in large scale 3D positioning in robot
manufacturing system. A 3D CAD laser projector is used to
provide four target points on the projection screens for four
cameras respectively. Eye-in-hand architecture is used to
perform visual servoing and the image based visual servoing
(IBVS) is adapted as the control strategy. This paper is
focused on detecting the four target points by four cameras
respectively. Theoretically, the image Jacobian matrix
doesn’t hold in this configuration because the target points
are floating in base frame along the laser beam during the
visual servoing process. But in a step of iteration, the target
points on the projection screens can be referred as fixed
points which are also called local desired target points. The
image features of local desired target points in image planes
of cameras are the desired features in this iteration. By
observing the four target points on projection screens, the
IBVS controller can drive the end-effector of robot to its local
desired position in each step of iteration and ultimately to its
calibration position. In this configuration, the simple constant
depths are adopted for obtaining the image Jacobian matrix
during visual servoing. A simulation was carried out to verify
the effectiveness of the proposed method [17].

Tatsuya Kato, et al A four-wheel steered mobile
robot is fit for a higher power or improvement in the
movement speed of a robot than a two-independent wheeled
one. Since a steered mobile robot that slips very often cannot
apply a popular dead-reckoning method using rotary
encoders, it is desirable to use external sensors such as
cameras. This paper describes a method to trace a straight line
for four-wheel steered mobile robots using an image-based
control method. Its controller is designed as a fuzzy controller
and evaluated through some simulations and real robot [18].

Chris Gaskett, Luke Fletcher and Alexander
Zelinsky, et al A novel reinforcement learning algorithm is
applied to a visual servoing task on a real mobile robot. There
is no requirement for camera calibration, an actuator model
or a knowledgeable teacher. The controller learns from a
critic which gives a scalar reward. The learning algorithm
handles continuously valued states and actions and can learn
from good and bad experiences including data gathered while
performing unrelated behaviours and from historical data.
Experimental results are presented.

Hutchinson, S. Hager, G.D. Corke, P.1, et al This
article provides a tutorial introduction to visual servo control
of robotic manipulators. Since the topic spans many
disciplines our goal is limited to providing a basic conceptual
framework. We begin by reviewing the prerequisite topics
from robotics and computer vision, including a brief review
of coordinate transformations, velocity representation, and a
description of the geometric aspects of the image formation
process. We then present taxonomy of visual servo control
systems. The two major classes of systems, position-based
and image-based systems, are then discussed in detail. Since
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any visual servo system must be capable of tracking image
features in a sequence of images, we also include an overview
of feature-based and correlation-based methods for tracking.
We conclude the tutorial with a number of observations on
the current directions of the research field of visual servo
control.

Koh Hosoda and Minoru Asada, et al this paper
propose an adaptive visual servoing method consisting of an
on-line estimator of the robot/image Jacobean matrix and a
feedback/ feed forward controller for uncalibrated camera-
manipulator systems. The estimator does not need a priori
knowledge on the kinematic structure nor on parameters of
the camera-manipulator system. The controller consists of
feed forward and feedback terms to make the image features
converge to the desired trajectories using the estimated
results. Some experimental results are given to show the
validity of the proposed method.

Junaed Sattar, Philippe Giguere, Gregory Dudek and
Chris Prahacs, et al This paper describes a visual servoing
system for an underwater legged robotic system named
AQUA and initial experiments with the system performed in
the open sea. A large class of significant applications can be
leveraged by allowing such a robot to follow a diver or some
other moving target. The robot uses a suite of sensing
technologies, primarily based on computer vision, to allow it
to navigate in shallow-water environments. The visual
servoing system described here allows the robot to track and
follow a given target underwater. The servo package is made
up of two distinct parts: a tracker and a feedback controller.
The system has been evaluated in the sea water and under
natural lighting conditions. The servo system has been tested
underwater, and with minor modifications the system can be
used while the robot is walking on the ground.

Ezio Malis, Fran,cois Chaumette, and Sylvie
Boudet, et al In this paper, we propose a new approach to
vision based robot control, called 2-1/2-D visual servoing,
which avoids the respective drawbacks of classical position-
based and image based visual servoing. Contrary to the
position-based visual servoing, our scheme does not need any
geometric three-dimensional (3-D) model of the object.
Furthermore and contrary to image based visual servoing, our
approach ensures the convergence of the control law in the
whole task space. 2-1/2-D visual servoing is based on the
estimation of the partial camera displacement from the
current to the desired camera poses at each iteration of the
control law. Visual features and data extracted from the
partial displacement allow us to design a decoupled control
law controlling the six camera d.o.f. The robustness of our
visual servoing scheme with respect to camera calibration
errors is also analyzed: the necessary and sufficient
conditions for local asymptotic stability are easily obtained.
Then, due to the simple structure of the system, sufficient
conditions for global asymptotic stability are established.
Finally, experimental results with an eye-in-hand robotic
system confirm the improvement in the stability and
convergence domain of the 2-1/2-D visual servoing with
respect to classical position-based and image-based visual
servoing.

Carlos lopez-Franco,Nancy Arana-Daniel and Alma
Y.Alawis, et al This paper deals with a visual servoing
scheme, which uses a paracatadioptric sensor as visual input.

The paracatadioptric sensor provides a wide field of view
while maintaining the single center of projection, which is a
desirable property of these sensors. The projection induced
by this sensor is nonlinear. In this paper a linear model of this
projection is presented, the model is developed using the
conformal geometric algebra framework which allows to
represent nonlinear conformal transformations using a special
type of multivectors called versors. With this model we relate
the feature time variation with the camera velocity to design
a velocity controller used in a visual servoing task.

IV. APPLICATION OF VISUAL SERVOING SYSTEM

A. Medical Field

The main application of visual servoing system use in
medical field. In (Hideki yamamoto et al 2002) design a
stereoscopic visual servo system for microinjection. In this
system a visual feedback system suing a stereoscopic
microscope that control a micromanipulator so that a needle
head may pierce a target as much length as desired.

In (Andrea Rantil and jos vander sloten) Robot
assisted orthopedic surgery the use of semi-active system is
the most promising technique for future applications and
research. Then include among other high accuracy,
repeatability and no failure. The surgeon has full control and
supervision during operation.

In (Brien C. Becker et al 2009) Robot assisted
technique for retinal laser surgery with a handheld
instrument. This retinal laser photocoagulation that include
software for planning pattern of laser burn on a retinal image
and uses an active handheld micromanipulator known sa
Micron in order to apply the pattern of burns to the retina.

In (David P. Noonan et al 2010) Gaze contingent
control for an articulated mechatronic laparoscope they are
two techniques for controlling an articulated mechatronics
laparoscope through the eyes of the surgeon during minimally
invasive surgery. The system consist 2D eye tracking unit
interfaced with the mechatronics laparoscope that has five
DOF located at the distal end of a rigid shaft.

B. Industrial Applications

Many application of visual servoing system in industrial field.
In(Zaojun fang et al 2010) this application visual servoing
used in butt weld of thin plate. An image based visual seam
tracking system is designed for butt weld of thin plate. Visual
servoing used for welding, painting etc.

In(Guoliang zhang et al 2009) this application
hybrid visual servoing control is used to pick an place the
object. This hybrid visual control used in industry as well
other places also. Hybrid visual control is better than other
multicamera system used. This system also used in inspection
in industry[32].

C. Security Applications

Many application of visual servoing in security reasons. In
(La Tuan Anh et al 2012) visual servoing using local feature
descriptor. In this application object and obstacles detection
are used to find the desired object and to plan an obstacle-free
path for a robot to successfully manipulate the object. This
method is used high speed object tracking based on a window
approach and local feature descriptor called speeded up
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robust features (SURF) [33]. This is used for tracking the
vehicles and vehicle number plate this is very helpful in
security reasons. This method also used in shopping complex,
bank, colleges, military area etc. this is very fast tracking
object techniques [34].

In(Omar Santos et al 2012) this application uses
Miniature Unmanned Aerial Vehicle (m UAV) have
experienced an important development in last two decades in
view of their large variety of application and the fact that they
are easily transportable and maneuverable by only one
person. The wide application range of these flying robots
includes aerial inspection of forest resources, detection of
active bushfire, traffic and road surveillance, risk evaluation
of sensible areas and more[35].

V. VISUALLY GUIDED SYSTEMS - A SUMMARY

Previous sections have presented approaches and techniques
adopted by most of the existing visual servo systems. For the
clarity reasons we have attempted to summarize the reported
systems according to the number of controlled degrees of
freedom, type of the visual-motor model estimation and type
of the camera configuration, see Table 1. In this way, we have
abbreviated a significant amount of detail contributed by each
reference. The main goal has been to establish a concise and
common nomenclature and we encourage the readers
interested in more detail to consult the provided references

References DOF | Control Type

(Allen et al. 1993) 4 PB
(Allotta & Colombo 1999) 6 IB
(Bell & Wilson 1996) 2/4 PB
(Chaumette et al. 1991) 6 IB
(David P. Noonan et al 2010) 6 1B
(Drummond & Cipolla 1999b) | 6 IB
(Espiau et al. 1992) 6 IB

(Fernandes & Lima 1998) 2 IB,PB
(Guoliang Zhang et al 2009) 4 HB
(Han et al. 1999) 6 IB
(Koeppe & Hirzinger 1999) 3 PB
(Kragi“c et al. 2001) 6 IB
(Oh & Allen 1998) 5 IB
(Tatsuya Kato et al 2012) 6 IB
(Wunsch & Hirzinger 1997) 6 PB
(Xiao et al. 1998) 6 PB
(Yanling Xu et al 2012) 6 PB
(Yimin Zhao et al 2011) 6 1B
(Zaojun Fang et al 2010) 3 IB

Table 1: Visual servo systems summarized according to the
number of controlled degrees of freedom (DOF), type of the
visual-motor model estimation (EL (estimated by learning)
or EA (estimated analytically) and a—priori known models:
PB (position based), IB (image based) and HB (hybrid
visual servoing))

VI. CONCLUSION

We have presented trends that have evolved in visual
servoing approaches for robotic manipulation tasks. The
attempt was to establish a concise and common nomenclature
and to provide a number of references that contributed to this
field. Early visual servo systems relied on perfect calibration

of the robot/camera system and mainly adopted position
based visual servoing. The tasks were performed in structured
and controlled environments. The image based control
approach is now a days mostly used in connection with
trajectory generation for obstacle avoidance or tracking of a
moving target.

The current trend in robotics is toward the capability
of a robotic system to operate in highly dynamic (changing)
environments. Image based systems require calibration which
may be difficult, time consuming or even impossible to
obtain. Position based and Hybrid visual servoing are more
adequate and commonly used in cases where accurate
calibration parameters are not known. In addition, approaches
where the visual-motor model is learned or estimated prior or
during the execution of the task have also been proposed in
the literature and briefly reviewed. The theoretical basis of
image plane dynamics and robust image based servo systems
capable of manipulating moving objects, are still open issues.
One of the drawbacks of image based systems is the
computation of the image Jacobian. As already mentioned, it
depends on the distance between the camera and the target
which is in direct relation to the camera configuration used.
Many monocular systems utilize a constant Jacobian or
perform a partial pose estimation which requires some pre-
knowledge about the target shape. This, of course, greatly
affects the flexibility of the servo system.
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